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BEET-SUGAR MANUFACTURE. 


PART IV. 
EVAPORATION. 


CEPACD Uriel. 
GENERAL CONSIDERATIONS. 


Necessity of concentration.—Sugar when in solution will not 
crystallize unless brought to a given concentration, to which there is 
a limit that cannot be exceeded. For all crystallizable substances 
there is a limit of solubility which varies with the temperature, 
substances being generally more soluble when hot than when cold. 
If a hot and concentrated sugar solution is cooled, a point is 
reached at which more sugar is dissolved than if it were attempted 
to produce a syrup by dissolution at the same temperature. From 
this point on there is a tendency for the excess of dissolved sugar 
to separate and appear in a crystallized form. Upon this funda- 
mental principle the sugar manufacturer depends in endeavoring to 
put into practice some method or process for obtaining the final 
sugar from a concentrated juice or syrup. 

The first essentials of the problem consist in driving out the 
water under economical conditions, and this is accomplished in 
two phases, the first of which is the subject now under consideration, 
known as evaporation, while the second is known as graining, which 
is treated under a special caption. With a view to effecting fuel 
economy numerous efforts have been made during the past hundred 
years to do away with evaporation. For example, it has been pro- 
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posed and tried to congeal saccharine juices; as the freezing point 
of these is lower than that of water, it was anticipated that sugar 
and water would freeze at different temperatures. This actually 
occurs in practice. Unfortunately, however, the line of demarca- 
tion between what has solidified and what remains is not sufficiently 
sharp to be of practical value. The water of crystallization always 
carries with it a considerable quantity of sugar in about the same 
proportion as that in which the sugar existed in the original solution. 
STAMMER’S! experiments had for their object the increase of the 
quantity of sugar dissolved in solutions of different densities by 
cooling them down to —17° C., but no difference was noticeable 
between the polarization of the icicle and that of the mother liquor 
from the saccharine solutions. 

Of late years? it has been proposed to utilize the property air 
has of absorbing moisture, with the view to concentrating juices. 
The idea? is nothing more than a return to the now obsolete idea 
of heating sugar solutions in open receptacles, in which is partly 
submerged a rotating agitating device with projecting wooden- 
arm attachments. A ventilator removes the moisture adhering 
to the arms. At the present day it is admitted that the only 
means for concentration is boiling. 

Historical. When sugar was first made from the cane and 
later from the beet, concentration was affected in open ‘evaporating 
coppers’’ heated at the bottom. This primitive mode necessarily 
was accompanied by considerable caramelization and burning of 
the sugar against the sides of the receptacle. The false or double- 
bottom mode and the use of steam coils were the first important 
innovations. Important sugar losses through burning continued, 
however, and toward the end of the concentration other complica- 
tions ensued. After reaching a certain degree of concentration it 
was difficult to keep the syrup continually boiling with steam Bp 
the low pressure then used. 

Repeated efforts, with a view to economy, were made to do 
away with steam, or at least to diminish within reasonable limits 
the quantity used. For example, appliances were placed in the 
flues of boilers to prevent at least a part of the caloric stored 
up in the escaping gases from passing out through the chimney. 
This idea was first proposed by Gruarn,* and later by JARZYMOWSKI. 


17,., 12, 385, 1862. 3’ Piece, Traite LY, 2,317, 1876- 
BoA 2, 105,51 S00: ‘La 8. B., 11, 209, 1883. 
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The arrangement is shown in Fig. 1; through the tubular clusters, 
B, of the evaporator, A, circulate the gases from the boiler, Z. 
The registers, /, d, and d,, are arranged so that the circulation 
will be either through the evaporating appliance or through 
the main flue, F, into the smoke stack, G1. In a similar way 
Wisuockt! proposed to utilize the escaping gases from lime kilns. 
One of the objectionable features of these modes was the very large 
heating surface needed in order 
to attain a satisfactory evapora- 
tion. At the Embresin (Belgium) 
sugar factory, working accord- 
ing to the GILAIN mode, the 
gases entered the apparatus at 
250° C. and left at 90° C. The 
cost of the plant was excep- 
tionally high. The WIsLockr 
idea is applied in the case of a ~ Z 
high furnace for the manufac- Hie. ee een ode of 
ture of iron where the escaping 

gases are in abundance and at an exceptionally high temperature, 
but in the case of lime kilns the lost caloric is sufficient to meet 
but a fraction of what is needed for the evaporation of the juices 
of an average beet-sugar factory. 

MenicHar and Kryr? proposed that the evaporation of beet 
juices should be begun in ordinary steam boilers, and that subse- 
quently the steam generated be utilized for the various purposes 
customary in modern modes of beet-sugar extraction. Very much 
the same arrangement was tried in a Danish beet-sugar factory, 
but as important sugar losses resulted the idea was abandoned. 
Notwithstanding the objectionable features of open evaporators, 
efforts have been made to use them from time to time even within 
the past few years. 

The old HALETTE apparatus consisted of a low, flat-bottomed, 
cylindrical receptacle, in which was a copper steam coil; but 

difficulty was experienced in removing the condensed water. By 
the Pecaurur? combination some satisfactory results were ob- 
tained, and the apparatus held its own for a term of years. 

Whatever be the advantages claimed no one could refute the 











— 


1N. Z., 12, 96, 1884. 2D. R. P. 29303, 1883. 
3 STOHMANN, Handbuch IV, p. 360, 1899. 
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fact that the caramelization which occurred involved sugar losses, 
But manufacturers appeared to pay but little attention to them. 
and numerous pieces of apparatus of the kind were to be found in 
the European beet-sugar factories. As late as 1870 Knavsr! 
argued in favor of the open-pan mode of evaporation. 

In 1813 Howarp? took out his British patent for the evaporating 
or concentration of saccharine solutions by the application of heat 
under vacuo, effected by means of the continued action of a pump 
or other exhausting instruments. Evidently the inventor knew 
that by evaporating under vacuo saccharine solutions could be 
boiled at lower temperatures, and consequently without danger: of 
burning the sugar. The apparatus has since that time undergone 
numerous modifications, which will be subsequently discussed. 
In the meantime there came to light the discovery of a principle 
which is the basis of the important economical progress realized, 
namely, the multiple-effect evaporation, which was a marked 
departure from the old mode of single effect. Through this innova- 
tion it was possible to evaporate with one kilo of steam several kilos 
_ of water. PrcLer declares that PecquEUR was the inventor of 
the idea, other authorities that to Rrntimux should be given the 
full credit. Numerous other modifications applied to evaporation 
and the various phases of sugar extraction with the view to caloric 
economy, such as reheating, have resulted in important savings 
as compared with the obsolete modes. 

Quantity of juice to handle.—After the juice has been epurated 
it must be concentrated in order to crystallize. The volume of 
saccharine juice to be handled depends upon the size of the plant. 
For a factory working by the dry-defecation method, the volume 
of juice obtained is estimated in the following manner: Suppose 
that 2 kilos of lime have been used for every 100 kilos of beets 
sliced. 


Drawing from diffusion, about 105 liters......... 110.0 kilos juice 
Sweet water from scum and filter presses, 125 per 
cent of the 8 per cent of scums...........-.. 10.0 kilos 
Various waters of condensation............... 2.0 kilos 
OUR] uF ete heros ae ap eee ee otinns RU) 


1 LippMANN, Entwicklung, 150, 1900. 
* Sugar Specifications, No. 3754, p. 19, 1871. 
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In factories defecating with milk of lime, the lime consumption 
is always slightly higher, and consequently the volume of sweet 
water is greater. As a general thing there is not a sufficient quantity 
of these waters for the lime slaking, and, such being the case, 
factories working under the supposed circumstances should allow 
at least 125 kilos of juice for 100 kilos of beets sliced. The diffusion 
juice drawn from the battery containing 12 to 13 per cent of sugar 
will give in defecation tanks a juice containing 10.5 to 11.5 per 
cent of sugar. In the average factory, slicing 500 tons of beets 
per diem, there must be concentrated daily 625,000 kilos of juice, 
while in the larger plants where 1000 to 2000 tons of beets are 
sliced in the twenty-four hours, 1,250,000 or 2,500,000 kilos of 
juice are to be concentrated. 

Limit of concentration.—Fresh beet juices from the diffusion 
battery, which test 12° to 13° Brix (6.8° to 7.4° Baumé), are concen- 
trated in evaporating appliances so that they test 60° Brix (338° Pé.), 
about 80 per cent of the water being thus eliminated. In beet- 
sugar factories, where the heating surface of the multiple effect is 
too small or has a very limited efficiency, the concentration is 50° 
Brix (27.7° Bé.) and even less, evidently at a loss of steam and an 
increased cost of fuel. The evaporation, under satisfactcry circum- 
stances, should be so arranged as to allow a concentration of not 
less than 55° to 60° Prix. Experience shows that it is not desirable 
to attain 65° Brix, as concentrating juice in excess of that limit 
increases the difficulties of graining in the pan, and also crystals 
may be formed in the pipes of the evaporator, which occasionally 
results in clogging. In some special cases there is every advantage 
in not pushing the concentration of the syrups beyond 22°Pé. It 
has been shown that sugar extracted from syrups which have 
not been concentrated beyond a certain limit possess special 
characteristics. On the other hand, there can be no possible 
reason why an expert should not obtain a superior sugar from very 
concentrated juices. 

Upon general principles it may be said that the degree of 
concentration depends upon the evaporating power of the multiple 
effect used. The operation of water elimination may be continued 
in a vacuum pan; but, as explained under another caption, it is 
vastly more economical to carry the evaporation as far as possible 
in the multiple effect. 

Outline and description of the evaporators. —In. order to 
evaporate a large volume of juice, a systematically combined 
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apparatus must be used. The shape of these varies greatly, but 
generally they consist of large closed receptacles, either circular or 
rectangular, at the bottom of which is the tubular cluster in which 
the juice is heated by steam, while on top there is a large evacuating 
pipe for the liberated vapors. A multiple effect is said to be vertical 
or horizontal according as the tubes in its interior are vertical or 
horizontal. These tubes are tightly held in tube plates, which are 
either round or rectangular, depending upon the type of apparatus: 
- In the vertical evaporating effect the juice boils in the interior of 
the pipes, while in the horizontal evaporators the juice boils outside 
the pipes. | 

Efficiency.—The efficiency of an evaporating apparatus depends 
upon numerous factors, nearly all of which are now known, the 
theory and practice of which within reasonable limits agree. The 
efficiency of an evaporating appliance should be considered from 
a practical point of view, but this is frequently overlooked, as, 
when the question of selecting one of two evaporators arises, the 
basis of purchase is generally the area of heating surface. This is 
misleading, for one square meter in one case may give better 
results than two square meters of another apparatus. The first 
mentioned is certainly the most desirable. Upon general principles 
it may be said that the efficiency of an evaporating appliance has 
nothing whatever to do with the economy of heat of the system 
of evaporation taken as a whole. The latter is based upon the 
composition and rational combination of the different parts of 
which it is made up. The efficiency of the parts, taken separately, 
does not as a rule enter into the consideration when purchasing an 
evaporating appliance, yet they play a most important réle when 
considered collectively. 

Under all circumstances every effort should be made to get 
the best possible practical results from the apparatus used. One 
may obtain a satisfactory efficiency by simple modes, and obviate 
the expensive alterations otherwise incurred when it is desired to 
increase the evaporating capacity of an existing apparatus, by 
applying certain principles which will be subsequently explained. 
A thorough study of the means of accomplishing this result, in 
either a vertical or a horizontal evaporator, as given by CLAASSEN 
and other authorities, is evidently of great importance. The first 
facts to be thoroughly understood relate to the changes which 
occur when a liquid is boiled with steam acting through a metallic 
medium. | 
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Heat transmission through metallic surfaces.—In all appliances 
used for evaporating saccharine solutions, there is, on the one hand, 
the vapor or steam for heating, on the other, the juices to be con- 
centrated, and these are separated by a metallic surface which may 
be supposed to be vertical. On one side water will continuously 
condense along the surface. The condensed liquor will flow over 
its surface, forming a layer of a thickness varying with the tempera- 
ture, which has a direct influence on the viscosity of water. This 
layer renders the heating surface partly inactive. Heat passes 
through the inactive strata of water and the metallic surface, and 
then finds a new layer of inactive water which is adhering to the 
other side of the heating surface. It may be admitted that the 
same factors hold good for either side of the metallic surface. 
Furthermore, it may be assumed that there is always a certain 
area of the surface rendered inactive, by its contact with the steam 
about to be formed on the side containing the juice. This space is 
very small, as the bubbles have only one point of contact with the 
surface. On the other hand, it has been asserted that the bubbles 
are not formed on the heating surface but in the inactive strata, 
and even in the layers which are comparatively far from the metallic 
surface, and which have very much less conductivity than the metal 
itself. Fortunately the ‘nactivity under consideration is only 
comparative; otherwise the evaporating efficiency per degree of 
fall of temperature and per unit of surface would be very 
small. 

Factors influencing heat transmission.—While in all the argu- 
ments that follow, it is supposed that only a single effect is under 
consideration, they hold good for each of the compartments of a 
multiple effect, separately considered, as a simple effect in which, 
for economical reasons, the heat contained in the vapors from the 
preceding apparatus is utilized. In the case of the simple effect, 
the main points to be considered are the quantity of water that 
will be evaporated per unit of area of heating surface in the unit 
of time, and the conditions under which the heating surface will 
transmit the greatest possible amount of heat. This is generally 
called the coefficient of transmission. 

The most desirable construction may be determined upon by 
taking fully into consideration the various facts, given herewith, 
relating to transmission of heat. CLAASSEN says this transmission 
of heat from steam to the boiling liquid increases with the follow- 
ing conditions: | 
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When the liquid circulates rapidly over the entire length of the 
heating surface; 

When the level of the juice is low, and consequently the pressure 
upon the heating surface is least; 

When the steam used for heating circulates rapidly along the 
heating surface; 

When the condensed water is rapidly and thoroughly carried from 
the heating surface; 

When the air in the heating compartment is thoroughly removed; 

When all calcareous and other deposits are thoroughly removed, 
so as not to interfere with a satisfactory transmission of heat; 

When the liquid has very little viscosity ; 

When the juice is hottest, and consequently when the pressure 
under which it boils is greatest; 

When the fall in temperature between the heating surface and the 
boiling juice is greatest. 


Certain authorities, among them JELINEK, declare, furthermore, 
that heat transmission is in direct proportion to the specific heat 
of the liquor being evaporated. ‘To this may be added the influence 
of the conductibility of the metal, which depends upon its heating 
surface and its thickness. 

Influence of the circulation of juice.—As has been previously 
pointed out there is always along the heating surfaces a thin 
inactive strata of liquid caused by adhesion and viscosity. ‘This 
thin layer of juice, in contact with the metal, will rapidly rise in 
temperature, but, as the water is a poor conductor of heat, the 
caloric will have difficulty in penetrating this thin medium in 
order to influence the next zones of liquid. Consequently, in the 
heating of a metallic surface these difficulties must be overcome in 
order to transmit the heat to a large volume of liquid. These con- 
ditions would no longer exist if it were possible to compel the 
liquid molecules to be constantly renewed along the entire surface, 
and several means of producing the requisite circulation and 
renewal have been proposed. According to Austin! the resistance 
offered by these layers of liquid to the passage of heat may be 
compared to that of an iron plate of 1.2 to2 cm. in thickness. If 
the liquid is thoroughly agitated this may be reduced to 0.75 cm. 
iron resistance. 

The influence of the velocity of the circulating juice upon the 


17, 58, 493, 1903. 
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coefficient of heat transmission is shown in the PorKony! experi- 
ments made in closed reheaters. 


Coefficient (Cal. 


eloci : 
Reheaters. Bs J ties hey Ree 
per Second. Sq. M.). 
Meters. Calories. 
a 1.29 Sols 
a 1.35 16.25 
a 1.523 7571 
Cc 1.29 Ze 
b 


1.53 33.18 


Experiments with water circulating in a copper tube of 1 mm. 
thickness, 1 cm. diameter, and 31.4 cm. in length, heated with steam 
at 100° C. at different velocities, give the following figures: 


Velocity of Water. Coefficient. 


10 m. per second...... 
20) age a eek ee hess 
30 66 66 66 

40 66 oe 66 ‘ A i 


6é 66 66 
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Efforts have been made to renew the particles of liquid upon 
the metallic heating surfaces by simple mechanical means, but in 
most cases the circulation due to boiling has been depended upon 
to produce motion in the liquid mass. The motion in the larger 
liquid veins in the juice itself is termed circulation; when the motion 
refers only to the film directly in contact with the surface, it is 
called ruissellement. When water has not yet boiled, its resistance 
corresponds to iron of 10 cm. thickness; when agitated the resistance 
is reduced to 1 cm. The lower the temperature of the water to be 
boiled the greater will be the resistance to heat transmission. 

Influence of height of juice.—The height of the juice has a most 
important influence upon the efficiency of evaporating appliances. 
Some years ago it was thought necessary, when using the vertical 
apparatus, to keep the lever of the juice sufficiently high to com- 
pletely cover the upper tube plates, that is, at a height at least equa] 


1B. Z., 21, 169, 1896. 
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to the length of the tubes, or 1.25 to 1.5 meters. The juice was 
also kept well above the tubes in the horizontal evaporators. The 
greater the height of the liquid column resting upon a heating 
surface the greater will be the pressure, and consequently the 
higher will be the temperature necessary for the boiling of the 
liquid. 

If the yaa pressure only is considered, there should be 
an appreciable difference in the boiling temperatures of liquids at 
the top and bottom of evaporating appliances, but such is not the 
case. Two thermometers placed one beneath and the other above the 
tubular system will record identical temperatures, and this fact in 
no way contradicts the theory just mentioned, as the motion of the 
juices in the apparatus is so swift that the portion which is super- 
heated at one spot near the heating surface will mix with the 
general turbulent juice as soon as it abandons, in the form of steam, 
the excess of heat it has received, and thus a thermometer will 
register the same temperature throughout the compartment. 
However, where the juice comes in direct contact with the heating 
surface, it is under the influence of a certain pressure; the steam 
bubble is formed, and the temperature of the liquid is higher than 
that of the whole mass of juice, at least this is true during the 
formation of the bubble. This excess of temperature corresponds 
to the excess of pressure—otherwise no steam would be generated. 
The difference of temperature between the steam used for heating 
and the saccharine liquor falls when the pressure of the juice is 
increased, and, as the evaporation is proportionate to the fall of 
temperature, the efficiency of an evaporating appliance decreases 
with an increase in the height of the juice’s level. 

It is important also to make allowance for certain facts fre- 
quently noticed by experts, such as CLAASSEN and JELINEK,! for 
example, that the juice does not boil at the bottom portion of the 
calandria. ‘The juice is cooled when it descends to the lower part 
of the tubes, and in reality only boils at the top. Notwithstanding 
the fact that there are no data to prove the theory, it is generally 
admitted that all portions of a vertical multiple effect have about 
the same evaporating efficiency. 

Influence of the circulation of steam.—Experience shows that 


the rapidity with which steam will move on a metallic surface has 
an important influence upon the transmission of heat. StmIRENKO’s? 


oD eee te 1142 61602: 2 Sacus, Revue, 1, 125, 1885. 
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experiments with horizontal tubes, in which conical wooden sticks 
were introduced, the section being thus reduced at one end, showed 
that there resulted an increase in the evaporating coefficient of 20 
to 30 per cent. No satisfactory explanation has ever been given 
of the true cause of this phenomenon, but it may be said that the 
velocity of circulating steam has an important influence upon the 
inactive strata of the condensed water upon the tubes on the side 
of the steam. The transmission of heat depends consequently 
upon the facility with which the condensed water runs off. 

Condensed-water removal.—In the vertical evaporators the 
vapor or steam used for heating has only a moderate velocity; but, 
on the other hand, the condensed water rapidly runs off from the 
tubes. In the horizontal multiple effects velocity may be obtained 
by clustering the tubes in a special way. The same result will be 
obtained when the tubes have very small diameters, say about 20 
mm. The velocity is not, however, very great anywhere, except 
where the steam enters the apparatus. The nearer the steam is to 
the orifice of the water evacuation the less will be its velocity, 
which will finally become zero. | 

CLAASSEN says that the condensed water gradually runs off from 
the horizontal evaporators; but the lower portions are never 
entirely free of water, except when the steam has sufficient velocity 
to carry it forward. An amelioration in the vertical multiple 
effects should be mainly directed to the increase of the velocity 
of steam; on the other hand, with the horizontal evaporators, the 
principal object in view should be to more thoroughly carry off 
the condensed water in the tubes. It is evident that all evaporating 
appliances, whatever be the design, should be so arranged that 
water could not possibly accumulate in the tubular cluster, as this 
would cause a proportionate decrease in the efficiency of the 
apparatus. 

Air removal.—Steam used for heating always contains a certain 
quantity of air, said to be about 5 per cent of the volume of fresh 
water employed in feeding the boilers. When the vapor used is 
the outcome of juice boiling in another compartment of the multiple 
effect, it will necessarily contain other gases that have been liber- 
ated during the boiling of saccharine juices. ‘These gases are ammo- 
nia and carbonic acid, the outcome of a continued contact of lime 
and alkalies with the albuminous substances which have not been 
removed during the previous epuration. When the pressure in the 
heating chamber is less than the exterior atmospheric pressure, 
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outside air frequently enters through the cracks. ‘The influence of 
the gases under consideration is variable. Ammonia which is 
lighter than air tends to collect on the upper part of the heating 
tubes. On the other hand, air and carbonic acid being heavier 
tend to settle in the lower portion of the heating chamber. As the 
steam used for heating enters the apparatus at a velocity of several 
meters per second it acts as a mixer, and thus overcomes the 
possibility of inactive portions remaining in the evaporating com- 
partment. CLAASSEN says that generally in discussing these ques- 
tions ammoniacal vapors are mentioned as non-condensable gases, 
notwithstanding the fact that the greater portion of the ammonia 
is absorbed by the condensed water. 

There are certain spots where the motion is less and where the 
gases are forced out. Experience shows that in vertical evaporating 
appliances, brass tubes are eaten away only at their upper ex- 
tremities, from which fact it is concluded that all the gases collect 
on top. Inall cases, if the non-condensable gases are not removed, 
they will collect in the steam chamber, and gradually increase in 
volume, reaching such proportions that the heating surface is lost 
for the condensation of vapors and consequently for the trans- 
mission of heat. 

The corrosion of the tubes just mentioned could not be caused 
by the ammonia alone; this phenomenon is rather an oxidation due 
to the presence of air, followed by a solution of the oxide of copper 
by the ammonia, leaving a fresh surface to be attacked by the 
oxygen. From what has been said the importance of a complete 
and continual evacuation of these gases is self-evident, as ammonia 
and oxygen are always simultaneously present and must necessarily 
corrode the brass and copper tubes, if allowed to collect for any 
considerable time in one special spot. 

It is to be noted, however, that all the phenomena existing 
during corrosion cannot be attributed to chemical action. Ac- 
cording to Barrut! this eating away of the tubes in the central and 
remotest parts of the cluster extends only for a few millimeters — 
beneath the tube plate, and it is mainly those tubes which are 
placed near the entrance of the steam that are corroded, the entire 
height of the latter in that portion facing the steam being affected. 
Other parts of the tubes are sometimes corroded, but this is an 
exception rather than the rule. Some seek to explain the corrosion 
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by a galvanic action between the copper tubes and the iron-tube 
plates. It seems reasonable to suppose that there is a mechanical 
cleansing action due to the steam, the fresh surfaces being then 
more readily attacked by the ammonia. The following analysis of 
GAWALOWSKI! apparently shows that the tube destruction by the 
non-condensed gases is in reality an oxidation of the metal. 


Per Cent. 
DD ORG RSCG bd yin ee ae Cae er 48.7 
ROI C ee ena tie ei ae Liisi Ca 45 .33 
OOP ROX ICC ee ace eRe hind. Sis ee erch ied @UE35 
PUI CTA cir eta wren eRe noodle) AC dl iia ae traces 
Clee eB et Fee Gh ets aan 8 3.60 
Ammonia, fatty substances, etc.. ............ ies! 


Another deposit, frequently found alongside the vapor entrance 
upon the tubes, consisted, according to StirT’s? analysis, of 48.55 
per cent of copper oxide and 36.31 per cent of zinc oxide. 

Influence of the metal’s conductibility.k—The rapidity with 
which metals conduct heat is very variable. If 100 represents the 
conductibility of silver, which is the best-known conductor, other 
metals, according to WIEDMANN and FRawnz, have the following 
conductibility: Silver, 100; copper, 74; brass, 23; zinc, 19; tin, 15; 
lron, 12; and lead, 9. The Jexinex? data which he uses in his 
calculations are very different from these.. According to this 
authority brass containing 70 per cent of copper will transmit the 
same amount of heat as copper, while for iron the conductivity is 
very much less. The coefficient of heat transmission is inversely 
proportional to the thickness of the metal, that is to say a 2 mm. 
thickness of metallic plate will allow, under the same conditions, 
exactly one-half as much heat to pass through it as a plate 1 mm. 
thick. 

Influence of deposits.—Evidently a metal transmits through its 
surface the maximum amount of heat when the surface, without 
being perfectly smooth, presents the maximum contact with the 
liquid. Numerous experiments show that a polished surface 
always results in little or no loss of heat through radiation, and 
this fact is not to be neglected when comparing it with direct 
transmission through contact. 

The nature of the deposits varies very much inside and outside 
of the evaporating tubes. The heating vapor used in multiple 


Eee 178) 18 70° 2 Oe.-U. Z., 30, 734, 1901. 
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effects is from the exhausts of engines, and will deposit upon the 
surface of tubes a layer of variable thickness of mineral oil, etc., 
which has remained suspended from the lubricating substance used 
in the engines. ‘This is a non-conducting medium and consequently 
causes a reduction in the coefficient of heat transmission. 

On the other side of the heating surface the formation of deposits 
may be more readily explained. They are due to neutral carbonates, 
generally the outcome of excessive carbonatation, the bicarbonates 
being decomposed under the influence of the heat. To these must 
be added the insoluble salts and oxides, the insolubility of which 
increases with the concentration of the juice. 

Scums adhering to the filtering cloths frequently contain 
considerable alumina silicate, which may be attributed to the lime 
used in defecating the raw juices. Experiments have been made 
to determine the degree of solubility of ferric oxide, alumina, and 
silica contained in quicklime, when in hot sugar solutions. It was 
found that as soon as the alkalinity was lowered to between 0.15 
and 0.07, the percentages of lime and alumina were also less. The 
solubility of silicic acid remained nearly constant at variable 
alkalinities. When a sugar solution is left under low temperature 
for a considerable time, it was found that the percentage of ferric 
oxide and alumina dissolved is greater than when in a hot sugar 
solution. During carbonatation the oxide dissolves and, introduced 
by the lime used, will partially precipitate, incrust the evaporating 
appliances, and clog the filtering cloths during filtration. The follow- 
ing analyses show the composition of the principal deposits in multi- 
ple effects on the surfaces exposed to the juice. Brarp’s! analyses 
of these deposits in the several compartments showed the following: 
BrARD’s ANALYSES OF THE DeEposits IN MULTIPLE EFFECTS ON SURFACES 

EXPOSED TO THE JUICE. 


First Second Third Fourth 


Constituents. Compart- | Compart- | Compart- | Compart- 
ment. ment. ment. ment. 
Water and calcic sulphate........... 1.44 2.14 2.80 4.87 
Oreaaiersiwustancess <tc rene. eee 25.29 22.08 18.00 13.64 
Rotassicrchnlorides.”: on.ese eee 0.60 0.49 0.76 0.90 
Cricliewiphatesy i. 6. ssa ek eee ee 5.43 8.07 10.60 18.37 
Hnospnate Of LIME. << 27. <2. seats ee 49.68 52.67 56.30 40.09 
Phosphate of magnesia............. 7.76 2°64 0.22 0.03 
ROT Cami CaIMG tices. 9 igh ao eve 2137 3.46 3.39 1.90 
Ferric oxide and alumina........... 1.98 Seco 1.68 Zeal 
STE CAMEAE EO 2 Gad is anecteh te, aaenee ae 2.97 Ie Oh 1.63 13.49 
PIOSSCS ees cede ks oa eo 2.48 3.84 4.62 4.20 
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In other analyses as much as 30 per cent of silica has been found. 
VERSCHAFFEL and also certain Austrian chemists have frequently 
called attention to the fact that the deposits in evaporating appli- 
ances contain enormous quantities of calcium oxalate, precipitated 
during evaporation. This precipitate is very insoluble, and at first 
it may seem strange that it was not eliminated during epuration 
and deposited on the filter presses, but the characteristic possessed 
by a large number of salts, especially lime salts, of precipitating 
slowly from their solutions must not be overlooked. Von Lipp- 
MANN ! calls attention to malonic acid in these deposits. In some 
Hawaiian Island cane juices? citric acid was found in the de- 
posits. Later this same compound was detected in Austrian mul- 
tiple effects. 

Most fresh beet juices, when evaporated, will give a calcareous 
deposit when they are boiled, filtered, etc.; the results are within 
reasonable limits always the same. The lime deposits have but 
little influence on the actual efficiency of the multiple effect unless 
in excess, but these incrustations increase and must be removed. 
Considering the different conditions under which the various com- 
partments of a multiple effect are working, it is evident that the 
amounts of deposit which they contain will vary. If the operations 
of defecation, carbonatation, filtration, etc., have been conducted 
in accordance with the principles determined by experience, the 
deposits in the first compartment are comparatively small, but the 
reverse is the case in the last compartment, the amount of the 
deposit depending upon the percentage of slightly soluble calcic 
salts in the juice being treated. On the other hand, if the second 
carbonatation has been in any way neglected, or if it has been 
conducted at a temperature not suited to the operation the calcic 
deposits in the first compartment will be large. The deposits in 
the first compartment are generally the outcome of particles of 
scum which find their way into the apparatus at the same time as 
the juice, while the deposits in the last compartment are the out- 
come of the calcic salts dissolved in the juice and precipitated 
after the evaporation of the greater part of the water. 

These deposits are all poor conductors of heat. According to 
Dessin ? calcareous deposits have one hundred times less conducting 
power than brass used in heating receptacles. It is to be noticed 


1 Oe.-U. Z., 10, 386, 1881. 2D. Z 1., 19, 1274, 1894. 
3 Bull. Synd., 18, suppl., p. 15, 1893. 
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that in these compounds there is a great variation in conductibility. 
Evidently when such deposits are porous, as with carbonate of lime, 
the resistance offered to heat transmission is lessened. On the 
other hand, the greatest resistance is reached with alumina silicate, 
the deposits of which are smooth and hard. These few examples 
suffice to show how very complicated and varied is the whole issue 
of heat transmission in a multiple effect, yet the economical and 
efficient working of the apparatus depends upon the maximum 
degree of this transmission. 

According to PECLET one square meter of brass should allow 
103 kilograms of water to evaporate per hour and per degree of 
the fall of temperature. Horsrn-Dton! says that practical experi- 
ments show this to be but 4 kilos and in some special cases only 1.5 
kilos. This authority further points out that deposits have an 
objectionable influence on the composition of saccharine juices with 
which they come in contact, and may sometimes form a nucleus for 
fermentation. 

Influence of specific heat of juices.—It is interesting to recall 
the significance of the term specific heat. The proportion existing 
between the number of calories necessary to raise the temperature 
of a given liquid one degree centigrade and the number necessary 
to raise water that amount is known as specific heat. For example, 
to raise one degree centigrade the temperature of a substance hav- 
ing a specific heat of 0.5 will require one-half the number of calories 
necessary to raise the temperature of water one degree. JELINEK 
reached the conclusion that the coefficient of heat transmission 
depended upon specific heat. In the experiments made the curve 
of specific heat of the solutions corresponded absolutely with that 
of the coefficient. In the CuAAssEN? experiments with solutions 
of different densities this similarity no longer exists, and this 
authority claims that the coefficient depends entirely upon the 
viscosity and that the specific heat has very little influence upon 
the transmission. This question is open to discussion and would 
lead us beyond the scope of the present writing. The specific heat 
of sugar solutions is as given in the table on page 17. 

Curtn3.claims that from a practical standpoint Kopr’s data 
are preferable. It must not be forgotten that foreign substances 
contained in saccharine juices have a very low specific heat. 


1 Horsin-Deon, Traité II, 1, 538, 1901. -2C., 4, 795, 1896. 
3 Oe.-U. Z., 28, 988, 1894. 
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Speciric Heat oF SACCHARINE SOLUTIONS. 





Brix. Kopp. Marignac. 
10° 0.9342 0.942 
20° 0.8684 0.884 
30° 0.8026 0.826 
40° 0.7368 0.768 
VS 0.6710 O2710 
60° 0.6052 0.652 
me 0.5394 0.594 
80° 0.4736 0.536 
90° 0.4078 0.478 


Influence of viscosity of juices.—The viscosity of the juice has 
considerable influence upon heat transmission in a multiple effect. 
As the juices to be evaporated have a purity of 90 and even more, 
they contain proportionately very much more sugar than non- 
sugar, and the influence of the latter upon the viscosity of the beet 
juices is so slight that the actual composition of the non-sugar 
need not here be considered. Juices of the same concentration have 
practically the same viscosity, but this viscosity rapidly increases 
with the concentration and consequently with the sugar percentage. 
Concentrated juices are more viscous than defecated juices, and 
this renders the efficiency of the last compartment of the multiple 
effect less than that of the first compartment. 

Influence of fall of temperature.—A fall of temperature means 
the difference that exists between the heating medium and that 
heated, and in the case of evaporation it means the difference 
between the temperature of the steam used for heating and that of 
the saccharine juice being concentrated by boiling. Numerous 
experiments have shown that the coefficient of heat transmission is 
proportional to the fall of temperature. CLAASSEN’s experiments 
have demonstrated that for an equal fall of temperature, per number 
of degrees, the heat transmission was greater when the work was 
done at a high temperature. For example, the coefficient of heat 
transmission for 1° C. of fall of temperature will be much higher 
above 100° than below that temperature. Consequently it will be 
less in vacuo than under pressure. 

There is yet a very important issue to consider under the caption 
of Heating Surfaces, and that is the conditions under which steam 
should be used. As a rule authorities agree that the steam sent 
to multiple effects should be as dry as possible, as the water held 
in suspension is that much waste. Horsrn-Dton advances the 
theory that moist vapor is more difficult to condense than dry. 
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Numerous authorities have for several years past claimed that 
superheated steam cannot be advantageously used in multiple 
effects, that it acts like gases, will not condense on heating surfaces, 
and will consequently abandon very little heat. Ma Lanpmr states 
that in some boiling experiments with saturated steam and 
with superheated steam at 0.7 of an atmosphere and at 250° C. 
comparatively little advantage one over the other was observed, and 
that no difference could be noticed in the efficiency of the appliance 
used. No data were determined, but it is claimed that these 
experiments demonstrated beyond cavil that superheated steam 
may be advantageously used for:this purpose. 

All these conditions for a satisfactory transmission of heat 
should be realized with the simplest possible devices, so that an 
evaporating appliance may be easily cared for and operated. It 
should furthermore offer certain guarantees that sugar losses will 
not occur, and should be of a reasonable price. Of all the essentials 
relating to the evaporating appliances used in sugar factories, the 
most important is the simplicity of construction and facility of 
handling. As these appliances work night and day, and in most 
cases are stopped only on Sunday for repairs and cleaning, all 
combinations which are likely to cause perturbations in the work 
or to need exceptional care should be rejected. The standard 
types of evaporators may be handled by the average workman. 


CHAPTER: II. 
HVAPORATORS., 
Shape of the apparatus.—The early evaporating apparatus, 


like that first combined by Ritiinux (Fig. 2), had the shape of a 
locomotive boiler. It consists of a horizontal boiler, A, with an 
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Fig. 2.—Ruiviibvx’s Horizontal Evaporator. 


upper dome, H. There is a series of tubes, D, at one end of which 
is the chamber, B’, into which the steam enters, and at the other 
the chamber, C’, into which the condensed water flows. The juice 
to be concentrated is on the outside of the tubes. The resulting 
vapors rise into the dome and subsequently pass into F’, and then 
through G’ into the next compartment. The apparatus was well 
suited for the evaporation of cane juice which left little or no 


deposit, py was certainly not adapted to beet juice yielding 
19 
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calcareous incrustations. Later Rituirux combined an apparatus 
known as triple effect which as a whole does 
not differ from that now used. The first 
vertical arrangement was then built by 
ROBERT. 

These early triple effects were followed 
by numerous variations, the principle, how- 
ever, always remaining the same. Both 
the vertical and horizontal effects under- 
went a series of improvements or changes 
---Calandria Simultaneously. All the vertical types are 
cylindrical in shape (Fig. 3). ‘The height 

laa of the calandria varies with the builder, 
Fic. 3.—Standard Ver- but the height of the evaporating compart- 

tical Evaporator. : > : 

ment, including the calandria, should not be 
less than five meters, so as to obviate the entrainment due to pro- 
jection of the saccharine juices. . 
These apparatus are sometimes 
made of cast or sheet iron, 
German builders appearing to 
give preference to the former. 

One of the most original 
arrangements is the PATTEN 
(Fig. 4) multiple effect, in 
which the compartments con- 
sist of thin sheets of metal, 
such as copper or lead, the 
sides being held in position 
by massive brickwork, which 
‘makes an excellent non-con- 
ductor. From its general ap- 
pearance the combination must , 
be expensive and no case has 
been found of its practical use, 
but it is interesting on account 
of its originality. 

The horizontal evaporators Uj 
vary greatly in shape, the & 
original RILLIEUX eer oe 7 i’ 
having been kept in the AprERs vis 
and many other standard ap- Fig. 4.—PatTEen —Ee 
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pliances. This shape had certain objectionable features, owing 
to the entrainment of the juice during boiling. The first change 
made was to raise the evaporating chamber. In the SIMIRENKO 
effect the tubular cluster was in the shape of a cube, while 
the high evaporating chamber was cylindrical. WELLNER and 
JELINEK gave their horizontal evaporator the shape of a box 
with slightly rounded upper corners. In this arrangement the 
tubular cluster should be nearer the bottom than shown in the 
drawing (Fig. 5). Whatever be the type of construction there is 


Evaporating| Chamber 
































Fig. 5.—The WerLLNER and JevineK Evaporator. 


always an upper opening sufficiently large to permit an easy escape 
of the liberated vapors through boiling, the manhole at the bottom 
being adapted to the requirements. 

Heat isolation.—To prevent loss of heat through radiation it is 
essential to cover the outside of these evaporators with suitable 
non-conductors. It was even proposed by MartikKE?! to paint 
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the interior of the evaporating chambers with some substance 
which would not be attacked by the juices. The large pipes con- 
ducting the vapors from one compartment to another are responsible 
for the greatest loss of heat. They must be covered with some 
non-conductor, which should be light, incombustible, and sufficiently 
strong to stand some wear and tear. In the Pasquay! experi- 
ments are given the conductivity of various protective substances 
used as non-conductors, silk waste being apparently the best. The 
various conductivities are as follows: 


SILK cs acheoig aie Se eens tear eerie Se eee eee 0.045 to 0.048 
Cowrhairilelt art... cscrae Soteeedod dace eee eee 0.057 

Cork Shavings: cf2 tomes cotcatot ects 0.073 

Chopped turk f2n2, sect re eee ee 0.073 to 0.0997 
Hieseleuhy: 5 4-< ee Bi ee ean ee ae ete 0.077 to 0.144 
Leroy's mixture. sy Gna. eek es, | eee 0.089 to 0.125 
Knocks mixture? nc acre teen ce eens oe eee 0.090 to 0.240 
Slag wool. se awe. os ance hoe eee 0.101 
Grunzweig and Hartmann’s (Kieselguhr)..... 0.122 
Einstedel’s mixtures. 4h anton: meee ee 0.139 


In these experiments it was noticed that steam at 135 C., 
circulating through pipes with the temperature of the ambient air 
at 13.5 to 16 C., would condense, per sq. m. and per hour, 2.972 to 
3.087 kilos. In the same pipe covered with 25 mm. of a non- 
conducting substance, such as silk, the condensation was only 
0.446 kilos. It is to be- noticed, however, that these silk wastes 
are very seldom employed in beet-sugar factories. On the other 
hand, felt and cow hair are very much used in Germany, especially 
for covering vacuum pans and reheaters connected with the 
evaporating apparatus. These materials might also be profitably 
used on the evaporating compartments, especially the last of the 
series, but it is not advisable to use them for the first compartment, 
where the pressure within is greater than the atmospheric pressure, 
Under these conditions the hair non-conductor would soon dry 
and burn. Under no circumstances should this non-conductor 
be used in pipes through which live steam circulates. The non- 
conductors generally employed for evaporating appliances consist 
of different mixtures of lime, clay, and cow hair, used in layers 
about 25 to 50 mm. in thickness. Wood lagging of pitchpine, etc., 
adds to the general appearance of the apparatus and also acts as 
a non-conductor. 


1 HAUSBRAND, Evaporating, p. 206. 
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Heating surface.—The heating surface of evaporating appliances 
consists of iron, steel, or brass tubes, which are sometimes tinned. 
Experience shows that brass is the best conductor of all usual metals, 
but its ready corrosion by ammonia is one of the objections to its 
use. It remains to be shown whether the advantage of its con- 
ductibility does not compensate for the disadvantage of corrosion, 
as compared with steel or tin-lined brass tubes; the latter are not 
only poorer conductors but of thicker metal. However, these 
steel-drawn tubes are in considerable vogue in Germany, and their 
use has been highly recommended by ANDREm.! They were used 
by Heckmann and Aprers? as early as 1852. Copper is seldom 
used for the purpose. 

The transmission of heat through metals differs very much, but 
this difference does not play an important réle when the surface 
of the tubes is clean. The kind of surface is also important, not 
only where the juice comes in contact, but also on the side where 
the steam circulates. From this point of view, brass is preferable 
to iron, as the surface of iron tubes after a very short time becomes 
covered with rust, which cannot be removed, and proves to be a 
poor conductor of heat. 

The thickness of the tubes must also be considered: iron, for 
example, does not conduct heat as readily as brass, and is used of 
an extra thickness. Experience seems to show that the best results 
are obtained with brass tubes 2 mm. in thickness. If less than 
this they would not be strong enough to resist the pressure of the 
circulating steam. Hrckmann®? has proposed to have the extremi- 
ties of the heating tubes rather thicker than the sides, the advantage 
being that there is thus far less danger from leaks, etc., but for 
some reason the idea has not found its way into general practice. 
In Fig. 6 is shown the position of the heating tubes in the tube plate, 
T. The diameter of the heating tubes varies from 
20 to 50mm. Generally this diameter is greater for 
vertical than for horizontal clusters. For the latter 
the standard used is about 25 mm., while for the 
vertical it is 45 mm. One of the advantages of Fic. 6—Hx5cx- 

: ‘ MANN’S Rein- 
small diameters is that a greater number may be  fopced Tube. 
placed in a given area, and heat transmission is 
necessarily proportionately greater. But when the juice is to boil 
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in the interior of the pipes, as in vertical effects, the resistance 
offered to the escaping steam is inversely proportional to the 
square of the section of the tubes. This explains why most 
of the arrangements for ruissellement have been abandoned. 

Still another objectionable feature of tubes of small diameter is 
that it is almost impossible to hold them tightly in position on the 
tube plate. Numerous arrangements have been invented which in 
a measure overcome the difficulty. For example, KarirK! proposed 
the use of tubes of small diameter held together by suitable sleeves 
so as to form a cluster in the tube plate. The apparatus has thus as 
many clusters as it would otherwise have had tubes. This arrange- 
ment has never been used to any great extent and is better suited 
to horizontal than to vertical evaporators. The length of the tubes 
is limited in the case of vertical effects, for it must not be overlooked 
that the greater the height of the juice in these tubes the lower is 
the boiling. For horizontal evaporators no account need be taken 
of this fact; on the contrary, the longer the tubes are for a given 
heating surface and width of apparatus the lower may be the 
level of the juice being evaporated. In vertical effects the tubes 
are from 1.25 to 1.50 mm. in length. The objection to having them 
shorter, with all the advantage they would offer, would be the 
necessity of increasing the diameter of the calandria and conse- 
quently the evaporating chamber. 

Tube plates of vertical evaporators.—The tube plates are 
generally circular for vertical multiple effects. There are two, one 
keeping firmly in position the upper and the other the lower end 
of the tubes. The lower plate is very near the bottom of the 
evaporating chamber. The steam circulates between the two plates 
on the exterior of the tubes. It is of secondary importance from 
the standpoint of heat conduction what metal the tube plate is 
made of, as the space remaining between the holes through which 
the tubes penetrate, is comparatively small and may be neglected. 
Some builders prefer using bronze rather than iron tube plates, 
with a view to overcoming any possible galvanic action 7 to the 
difference of metals in contact. 

The most important in the construction of a tube plate is its 
diameter, which rarely exceeds three meters, and even that dimension 
offers various difficulties in the proper adjustment of all the joints 
of the tubes, etc. When these plates are of an exceptional size, 
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such as 5.5 meters, as was seen by the writer at the Mnaux (France) 
beet-sugar factory, they are of bronze and turned ona lathe. When 
larger than this it is very difficult to turn them and for this and 
numerous other reasons the diameter of the compartments of a 
multiple effect is necessarily limited. 

The tube plates are generally riveted to the interior of the 
evaporating compartment. Some machine works, such as Cain & 
Co., make independent calandrias, freely suspended and held in 
position by suitable bolts extending from the top to the bottom of 
the compartment. ‘The tube plate is readily held in position and 
may consist of a simple sheet-iron disk. At different parts of the 
tube plates are smaller bolts which brace the top and lower plates 
and keep the cluster perfectly rigid. 

The tubes are made tight by means of so-called dudgeons which 
flatten the ends against the holes of the plate and are then removed. 
There is some difficulty in taking the tubes apart when they need 
renewing on account of corrosion or for other reasons. Mo.inos 
and MacuEreEz! proposed that they be screwed into the plates 
and Frsu? has lately proposed a new device. A bolt,a little longer 
than the tube, is introduced in the latter from the top. It has a 
border a little wider than the interior diameter of the tube, and 
less than the exterior diameter. At the other extremity, above the 
tube, a ring is placed upon the tube plate, covered by a plate which 
is held in position by the nut of the bolt. By simply turning the 
nut, the tubes may be taken from their position. 

Horizontal evaporators.—In horizontal evaporators steam is 
introduced into a cast-iron, rather narrow vertical chamber, which 
is closed by a suitable door or cover held in position by bolts. This 
arrangement permits easy access to the end of the tubes. Opposite 
this door is the tube plate, which is rectangular instead of round. 
At the other extremity the arrangement is identical, with this 
difference, that instead of an entrance pipe for the steam, there is 
an exit for the condensed water. When these appliances are of 
considerable size, the steam chamber is made in several pieces, 
placed one beside the other. They may work singly or collectively, 
so as to receive the steam successively, one after the other, or even 
to be heated with different kinds of steam. 

In the horizontal evaporator of the BRonnE & Simon? type, the 
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steam enters into only one portion of the tubular cluster at a time 
and then passes successively through the others. It is claimed that 
the steam thus gives up more readily its latent heat. Mention also 
may be made of the peculiar tube arrangement of the SimrrENKOo! 
(Hig. 7) evaporator. The tubes in this apparatus are in layers that 
cross in a perpendicular direction. On each side of the apparatus 
are chambers, B, C, Dand E, for steam distribution. The con- 
densed water is removed through the pipes, m, n and o. It is 
pointed out that the space lost by the heating surface is thus 
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Fig. 7.—SIMIRENKO Evaporator. Fie. 8—ANDRE® Tube Joint. 


reduced toa minimum. The juice enters and leaves the evaporator 
through E’ and F, Fig. 7. | 

In the horizontal evaporators the tubes are seldom forced into 
position upon the plates by the use of dudgeons as previously 
explained. As a general thing suitable rubber rings are passed 
over the end of the tubes and subsequently tightened. ANDREZ 
arranges the tubes in clusters of six (Fig. 8), and makes them tight 
by placing rubber rings at the junction of the tubes and tube plates. 
These are tightly held by a hexagonal disk, B, and the bolt, C. In 
the AMBROGEVITCH? combination, instead of six there are 36 tubes 
forming a cluster, and there are 21 groups. It is claimed that 


1 Sacus, Revue, 2, 241, 1888. 2 Ibid., 2, 254, 1888. 
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this arrangement offers advantages for changing the tubes. In 
eight hours 756 tubes may be taken out and replaced. Among 
the interesting and special combinations for tubes may be mentioned 
the Wirxow1Tcu (Fig. 9) arrangement, which consists of a cubical 
box holding the tubes for juice circu- 
lation. These tubes cross each other 
at right angles, and the entire ap- 
paratus is submerged in the juice in 
such a manner that all the tubes are at 
an angle of 45° with the horizontal. 
The juice enters at the bottom and 
leaves on top, so forming a double 
closed loop in this form: o, 

Advantages of different apparatus.—The horizontal and vertical 
multiple effects each present certain advantages as regards the 
flow of the condensed water and the velocity of the circulating 
steam. Suffice it to say that the experiments of Horstn-Diton! 
and other authorities show that there is no appreciable difference 
in the efficiency of the two kinds of multiple effects. The special 
construction for juice circulation in both cases necessarily produces 
different incrustations, being in the interior of the tubes in the 
vertical evaporators and on the exterior in the horizontal type. 
The cleaning of the vertical tubes is easier and requires less work 
than the horizontal; but the latter, on the other hand, are more 
readily placed in position than the former. One of the principal 
characteristic advantages of the horizontal multiple effect is that 
it may be built in enormous proportions to meet the requirements 
of almost any slicing plant. The selection of an evaporating plant 
should be made only after the size of the factory has been decided, 
this depending upon numerous conditions, such as environment, 
the capital at one’s disposal, etc. 

Juice circulation.—It has already been pointed out that the 
rapidity with which juice is renewed upon the surface of the heating 
tubes exerts an important influence on heat transmission. Numerous 
efforts have been made to bring about a rational circulation of the 
juice in the evaporator. HaLusTroEM proposed that a large tube 
of 150 to 300 mm. be placed in the centre of the tubular cluster of 
the calandria. Under these circumstances the juice could rapidly 
reach the bottom without contending with steam bubbles, which are 





Fic. 9.—WirkowirTrcH Tube 
Cluster. 
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important obstructors in the interior of small tubes, the descending 
juice being constantly pushed upward by the ascending bubbles. 
It was supposed that a methodical motion would thus be given to 
the juice, but experience shows that only a slight increase in the 
efficiency was effected. 

An evaporating apparatus of the ordinary design has a central — 
pipe to allow the overflow of juice from the small pipes, of which 
the appliances consist, to return to the lower part of the evaporator. 
Unfortunately in this central pipe there is formed a strata of vapor 
by the rapid evaporation of the liquid brought about by the steam 
in contact with its outer surface. Under these circumstances the 
descending liquor is checked. A new device consists in suspending 
in the central pipe another pipe of smaller diameter and projecting 
below the lower plate holding the cluster of small tubes. The 
space between the two pipes is closed on top, and fresh beet juice 
to be evaporated is made to circulate in the annular space. While 
one portion of the juice will be heated, it will nevertheless have a 
cooling effect upon the juice moving downward in the central pipe. 
It is interesting to note that this ScHwaGER! evaporator has a 
double bottom in which steam circulates, the object being to force 
an upward circulation of the juices through the small pipes, and 
thus increase the evaporating capacity of the apparatus as a whole. 

In some cases the juice is directed toward the outer periphery 
of the tube cluster by having an annular space between the calandria 
and the outer surface of the apparatus. Mention may also be 
made of the Lwowsk1? combination, in which the whole tubular 
cluster is slanted so that the juice thus raised in the highest tubes 
may fall to the lowest. To accelerate the circulation in evaporating 
appliances RorHRia and Kornia? placed another series of tubes 
heated with live steam in the centre of the tubular cluster, slightly 
higher than those of the exterior. The juice boils and runs over 
from the inner to the outer cluster of tubes. Above these central 
tubes is a sort of disk which prevents violent projections of the 
juice being concentrated. 

TrepE* uses tubes of smaller diameter in the centre of the 
compartments of a multiple effect to obtain a better circulation of 
the juice. It is claimed that the heat transmission is increased by 
this arrangement, and consequently the boiling is more active than 


17, 51, 56, 1901. 3 7,., 52, 1063, 1902. 
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it would otherwise be. There is formed a suction of the juice 
through the tubes of the periphery and from the bottom toward 
the tubes of smaller diameter. These may be arranged in separate 
clusters and heated by steam under higher pressure than is necessary 
for the rest of the calandria. 

An arrangement intended to increase the circulation of the 
juice in the first compartment of a multiple effect consists in the 
installation of a small vertical reheater, called a circulator, con- 
nected with the first compartment, both on top and underneath 
the calandria. The steam bubbles carry the juice forward and 
project it over the disk holding the tubes, while the juice enters the 
circulator at the bottom from the first compartment of the evap- 
orator. The benefit of this apparatus is, however, very doubtful, 
for the reason that the current of juice brought into the evaporator 
is just the opposite to that which would have otherwise existed. 
If, notwithstanding this, the circulator increases the evaporation, 
it is due to the fact that the heating has been done with steam at 
high tension, and this is always expensive in sugar manufactu'e. 

ADER! proposes to increase the speed of circulation in multiple 
effects by the use of special pumps or spirals, working in the central 
circulating pipe. In the horizontal appliances the spacing between 
tubes or clusters of tubes should be sufficient to permit the juice 
to find a passage toward the bottom. It may be said upon general 
principles, however, that the horizontal evaporators are not adapted 
to forced circulation; although even by the ABRAHAM combination 
some increase in circulation is obtained (Figs. 10 and11). Between 





ABRAHAM Evaporator. 


the tubes is arranged a canal, P, in which the juice descends, or a 
canal, A, B, C, is placed on the outside of the compartment. In 
Fig. 11 the circulation is shown. 


! Jahrb., 26, 71, 1887. 
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Besprinkling the heating surface.—The importance of having a 
thin layer of juice on the heating surface of the tubes has already 
been discussed. It is evident that only that portion of the juice 
which comes directly in contact with the tubes can store up heat, 
as the liquid itself, being a poor conductor, is unable to conduct 
the caloric rapidly through its mass. [Efforts have been made to 
render the film being heated as thin as possible, and this has been 
accomplished in two ways: either by sprinkling the juice in fine 
drops, or by regulating the flow so that the layer of juice is very 
thin over the heating surface. The latter method, which is called 
ruissellement, has found numerous applications. 

Mo.inos and MacHEreEz! proposed that the juice be introduced 
into the multiple effect as a finely divided spray. Gorrz? con- 
structed a horizontal apparatus into which the juice is projected in 
fine drops by means of an injector or a pump. The same idea was 
carried out by HaacksE and SCHALLEHN by suspending above the 
horizontal tubes a large receptacle, S (Fig. 12), with a perforated 
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Fia. 12.—HaAackeE and ScHALLEHN Evaporator with Upper Sprinkler. 


bottom which allowed the juice to filter through, in drops or 
driblets, upon the tubes beneath. While such methods of ruisselle- | 
ment have been almost entirely abandoned in European beet- 
sugar factories, in the United States they have been taken up and 
successfully used in practical work with both the Yaryan and 
LILLIE evaporators. 

Ruissellement.—Even in the very early efforts to extract sugar 
from the beet the essential conditions for satisfactory evaporation 
were well understood. To Marureu pz DomBAsLE? must be given 
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the credit of having first experimented with ruissellement on a 
practical basis in 1811. Essacu! says that practical apparatus 
of this kind were made by Martin and CHAMPONNOIS and also 
at LemBEEK. The numerous appliances invented since then and 
abandoned cannot all be mentioned here, suffice it to say that in 
them the ruissellement was obtained either through gravity, allowing 
the liquid that is to be concentrated to flow in the interior of the 
tubes, or by utilizing the ascending force of steam bubbles to 
displace the thin layers of liquid on the tubes from the bottom to 
the top. 

In evaporating appliances, when the liquid is in thin layers, the 
heating surface is entirely utilized for the evaporation, and even if 
the activity is not the same in every portion of the compartment, 
owing to the uneven distribution of steam, the average coefficient 
of evaporation is higher than in most other apparatus. The 
renewing of the liquid is assured in every portion of the apparatus; 
and however slight the fall of temperature may be in the least- 
heated part of the apparatus, as the liquid column has no per- 
ceptible influence, there will be evaporation in that portion. The 
whole issue, however, from a practical standpoint goes back only 
ten years. 

Among the first of those who gave this question serious attention 
was GREINER. His early pa'ent consisted in placing (Fig. 2 over 
the upper portion of the tubes, 7, inverted 
truncated cone attachments m. Their lower a 
diameter is slightly less than that of the 
tubes over which they are placed, and the 
juice running over the tubular plate circu- 
lates through the annular spaces thus formed F¢. 13. Fie. 14. 

ae. GREINER’S Device for 

and streams along the inside of the tubes. Biurssalloment. 

In another arrangement by the same in- 

ventor (Fig. 14) there is no longer an annular space, but the 
upper conical portion has a series of slits, J, and small holes 
through which the juice may penetrate. There are numerous other 
devices with the same object in view, which differ only in a very 
slight degree from the GreINER mode. For example, NaTHAN- 
Levy2 (Fig. 15) places over the tubes, A, another tube, B, which is 
cylindroconical in shape. The smaller portion, H, is at a very 
slight distance from A, three projecting portions, 7’, keeping the 
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spacing constant. A portion, C, is soldered upon B, this cone 
resting upon the tube plate P, and consequently 
regulating the penetration of B into A. This 
cone, C, has a series of holes which allows the 
liquid to be evaporated to pass on to H, and the 
interior sides of the tubes, A, along which the 
ruissellement is effected. One of the advantages 
pointed out in favor of this arrangement is that 
, the tubes may be readily taken apart. 

Fic. 15.—Natuan- Hxperience has apparently shown that the 
Levy’s Contrivance objectionable feature of the NatHan-Lrvy de- 
for Ruissellement. vice ig that the annular space between tle 
tube proper and the upper cylindroconical tube becomes clogged. 
By the Scuwacer (Fig. 16) arrangement this difficulty is obviated 
by simply allowing the liquid to flow over the upper side of the 
adjusted tube at d. It is very import- ¥ 
ant to have the levels of these juice 
distributors perfectly horizontal and to 
keep the saccharine liquid exactly at the 
necessary level, which makes them con- 
sequently of very little practical value. a 

According to Barrut,! CLAASSEN was YY Warne 
the first to propose a reduction of the ae ee 
diameter of the tubes of the multiple 
effects in order to obtain a thin layer of 
the liquid with a view to increasing the 
evaporating power of the apparatus. This Fie. 16.—Scuwacer’s 
idea of tube reduction was effected by ae 
CANARD,? by introducing sticks of wood into the tubes (Fig. 17). 
If the interior diameter of the tubes is 45 mm., and a stick 37 
mm. in diameter is introduced, there remains an annular space 
of 8 mm. which is kept constant by suitable pins, B. 

MonTAUBAN? and MARCHANDIER proposed that instead of wooden 
sticks bars of iron with exterior enamel might be used. The sticks 
are attached in such a way that they do not touch the sides of the 
tubes, and are fastened so that they have an up-and-down motion. 
Under these circumstances there is a ring of juice, which is forced 
to circulate along the sides of the tubes in thin layers, and the 
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resulting vapors or steam formed combines very thoroughly with 
the juice with which it is brought in contact. It is claimed that 
the heating under these circumstances is more rapid than if the 
tubes were full of juice or old methods were used. It must not 
be forgotten that if by one means or another it is possible to in- 
crease the efficiency of an evaporating appliance, an additional 
and corresponding quantity of steam will be needed for the heating. 

A special beet-juice evaporator! (Fig. 18), which has been at- 
tracting some attention, is arranged so as to allow the juice to enter 
from the bottom of each compartment into a special chamber, A, 
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Fig. 17.—CaAnarp’s Stick Fie. 18.—Portemont Arrangement for 
- for Ruissellement. Ruissellement. 

and pass from there into the intertubular space, consisting of 
concentric tubes, the smaller of which, H, has interior steam heating, 
while the larger is heated externally. The evaporation is very 
active and should be regulated so that the overflow on the upper 
plate, B’, shall immediately run off through special pipes into a 
receptacle, G, from which it is drawn through N into the second 
compartment of the evaporator. ‘This is to prevent the juice from 
running down the sides of the pipes being heated and thus mixing 
with the liquid not yet evaporated. The gases which may form in 
the inner pipes may be drawn off by a special pumping attachment. 

Bouvinr (Fig. 19) realizes evaporation in thin layers in the 
following manner: The level of the juice does not reach the lower 
extremities of the tubes. A long hollow stopper, a, is inserted in 
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the top of the tube, allowing the resulting vapor to escape through 
the centre, while the juice introduced above the upper tube plate 
a | will flow in a thin stream between the stopper 
and the interior of the tube, under which con- 
ditions the evaporation is very active. By a 
special arrangement the juice is continually re- 
newed on the upper tube plate. It is interesting 
to note that the stopper has a prolongation of 10 
SH cm. from its lower conical portion, the object 
Fie. 19. —Bovvrer’s being to collect a certain volume of liquid be- 
Bee: neath the tube plate. Itisclaimed that a double 
evaporation between the two portions of the liquid results. 

In the Dotianon (Fig. 20) device the juice from the compart- 
ment of the multiple effect penetrates the tube, D, at the bottom, 
while at its top is a distributor, B. The froth created during boil- 
ing will fall through the central tube, A, toward the bottom of the 
apparatus. The position of the tube, A, at the centre of D is assured 























Fic. 20.—DOoLIGNON’s Fig. 21.—LacHavux’s 
Ruissellement Tube. Tube. 


by the distributor, B, and the ring,C. The Lacuaux (Fig. 21) tube 
has an important feature. In the interior of A is another tube B 
in the shape of an s, and soldered to the inner side of A at its 
extremities, O and O’, so that steam may readily circulate in its 
interior. It is claimed that by this arrangement the heating 
surface of the apparatus is considerably increased. Again the main 
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idea is the reduction of the diameter of the tube proper with the 
same object in view as in the previous cases. 

Objectionable features of the ruissellement.—The question 
arises, how are these tubes to be cleaned? The different modes 
under consideration have one very objectionable feature which is, 
that the liquid is frequently projected with force, and there follows 
considerable entrainment from the apparatus. To overcome this 
difficulty Rassmus arranges above the tubes a sort of hood which 
breaks the momentum of the liquid. According to Barrutr! the 
wooden sticks placed in the tubes tend to increase the efficiency 
of the apparatus and diminish the incrustations by one-half. He 
states that one of the objectionable features of this mode is that the 
juices have a peculiar color after circulating in tubes recently cleaned 
by ordinary methods. During the washing of the apparatus the 
wood absorbs hydrochloric acid, which is never thoroughly neu- 
tralized during the subsequent washing with soda, and partially 
inverts the sugar. 

In theory all methods based upon ruissellement increase the 
efficiency of an evaporating apparatus without increasing the 
heating surfaces, and, furthermore, diminish in an important 
measure the space occupied by the juice. From the same point of 
view every effort should be made to reduce to a minimum the dead 
space between the lower tube plate and the bottom of the compart- 
ment of a vertical multiple effect. Porkony points out that ac- 
cording to his experiments there is a great deal of dead space in 
a vertical multiple effect. In one case the juices remained in a 
triple effect three hours and twenty-three minutes until it reached 
the desired concentration, and during this time ere must be 
considerable inversion by heat. 

In some appliances the liquid to be evaporated must be con- 
stantly renewed by the assistance of a pump. If, with the intention 
of avoiding to a certain extent this pumping, the thickness of the 
layer of liquid to be evaporated is reduced, and the holes of distribut- 
ing pipes are made smaller, serious obstructions necessarily result. 
If, on the other hand, the distributing orifices are made large enough 
to overcome the difficulty, the evaporating capacity of each element 
would be so large that pumps of great size would be needed. 
Dessin declares that the best results are obtained by adopting a 
half-way method, and recommends the use of a type of circulating 
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pump having a capacity two or three times the volume of the initial 
juice entering the multiple effect. Many of the ruissellement evap- 
orating apparatus, built according to purely theoretical data, have 
been irregular in their working, which explains why they have not 
been more generally adopted. | 

Evaporation with decreased height of the juice.—CrLaassnun} 
says that instead of resorting to ruissellement it is better to reduce 
the height of the juice in the tubular cluster. The thickness of the 
liquid mass is reduced by two-thirds and, even with a relatively 
small fall of temperature, the apparent level caused by the bubbling 
of the mass will rise to the upper tube plate, moistening all the 
heating surface, which is thus entirely utilized. This mode of 
conducting the evaporation results in a better utilization and a 
greater total fall of temperature, with an increase in the partial 
fall in each compartment, which in many cases may be sufficient to 
give to the apparatus the increased efficiency needed. The com- 
paratively small expense of this arrangement, compared with 
ruissellement, resulted in preference being given to it. There is 
no difficulty in cleaning, while the cleaning of ruissellement devices 
is tedious and difficult. The only danger connected with the 
decreased-height method is the partial drying, which occurs in 
some portions of the compartment, where, for one reason or another, 
the boiling ceases, and the boiling spray does not reach the upper 
tubular plate. The consequence of this is a certain coloration of. 
the juices. 

The lowest possible level of the juice, as shown in the level 
gauges, in accordance with the law of equilibrium of fluids, depends 
upon many circumstances, the most important of which are the 
viscosity of the liquid and the volume of vapor liberated by a given 
quantity of water. One may keep the level of the juice lower in 
the concentrated-juice compartment of the apparatus than in the 
first compartment containing diluted juices. The most desirable 
level will be shown by experience. One need only arrange so that 
the frothy juice continuously flows over the sides of all the tubes. 

For example, suppose that in the first compartment the effi- 
ciency is the greatest when the juice is at a level of 200 to 300 mm. 
in the tubes. It was previously pointed out that the long tubes in 
a vertical evaporator were objectionable; evidently when the evap- 
oration is conducted at a low level the objections no longer hold 
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good. In most cases the shortening of the heating tubes is not only 
unnecessary, but has an objectionable influence upon the efficiency 
when the juice is at a low level in the evaporator, as the bubbles 
which are constantly being formed and running over the borders 
of the tubes are then thrown into the air, resulting in a frothy juice. 
As a consequence the tubes are covered over their entire length 
with moving juice which is constantly renewed, but owing to its 
frothy nature only a very moderate pressure is exerted upon the 
bubbles formed. ‘The greater the length of the tubes, within reason- 
able limits, the greater will be the velocity of the juice in their 
interior, without any appreciable increase of pressure in the lower 
part, and the greater will be the efficiency of the heating surface. 

It is claimed that the conditions of pressure of the liquids 
upon the lower part of the heating surface is not influenced by 
the ruissellement, as the water level shows that the level of the 
juice is low, and, therefore, that there is a very light bottom pres- 
sure. There is frequently a bubbling over to a height of at least 
one meter above the upper tube plate. 

Working by the two-third full method permits one to obtain 
a fall of 15° C. in temperature in each compartment instead of 
12° C., as previously shown to be the case when working by the 
now obsolete mode. This means an increased efficiency of 25 per 
cent. If only one-third full the fall will be 17° C., which would 
correspond to an increased efficiency of 40 per cent. Experiments 
show that the coefficient of transmission in a triple effect is 2.50 
in the middle. CLAASSEN’s experiments with reduced height and 
ruissellement show that the practical coefficients are as follows: 


Wir AWOFKINO a ete ee, Shak Sey een OO 
Two-thirds of tubes covered................. 3.00 
One-third ortubes covered. 2... tes. eee 8). 3206 
PomiccOle meter. elt wte eu ee Wee Ao 2.90 


The appliances mentioned in the foregoing are not suitable 
to the ruissellement for horizontal multiple effects, in which the 
evaporation is always conducted at low levels. In _ horizontal 
evaporating appliances the juice should be kept at as low a level 
as possible, but even then the same satisfactory result as is realized 
in the vertical types of multiple effects is not obtained. On the 
other hand, it is possible, in a horizontal construction, to have 
considerable heating surface with a low level of juice at the bot- 
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tom, provided the shape is that of a box. In such cases this 
system may be preferred to all others. 

Yaryan and Lillie evaporators.—These multiple effects are 
important and interesting departures from those discussed in 
the foregoing, and deserve special mention. At the beginning 
the ruissellement was effected in the two cases in very much the 
same manner, though one is horizontal and the other vertical. 
Later the two were combined and there resulted new types. The 
YARYAN (Fig. 22) evaporator, as introduced into an European 
beet-sugar factory, consisted of a long cylinder, H’’, containing 
a horizontal tubular cluster, heated on the outside with steam 
introduced through the pipe, K. The evaporation is accom- 
plished in the interior of the tubes which terminate in the cham- 








Fig. 22.—Side View of YAryANn Evaporator. 


bers A and L’’. The juice to be concentrated is introduced by L’’ 
and leaves at A. The pump, Q, forces the juice into L”” (Fig. 23), 
the juice enters the tubes, 7, through the openings, e, which are 
of smaller diameter than the tubes. In order to regulate the 
efficiency of the apparatus conical pointers, J’, acting as obstructors 
are forced into the openings, e. The pointers are all fastened to 
one rod, L’,and a lever M’. The juice upon entering the tubes, 7, 
will undergo a partial evaporation and force out the steam bubbles 
formed, in consequence of which there will exist a series of liquid 
props which will necessarily moisten the inner sides of the tubes 
from one end to the other. Evaporation and concentration will 
follow. This motion is repeated in the other compartments of 
the multiple effect. When reaching A’ of the first compartment 
there is a series of baffle plates h (Fig. 24) which separate the 
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vapor from the juice, the latter running into # with a float a and 
valve b, from which a pump takes it up to force it into another 
compartment of the apparatus which has very much the same 
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Fia. 23.—Detail of Yaryan Regulator. 


construction. One of the principal advantages of the YaRYAN 
apparatus is that the operation of evaporation is comparatively 
rapid, as the juice being concentrated remains in contact with 
the heating surfaces for a very 
short time, and concentrated juice 
is obtained almost immediately 
after the apparatus has been 
started. The fault found by Jxatr- 
NEK! with this evaporator is its 
cost. Other critics say that there 
is always considerable incrustation, 
while the reverse is claimed by 
numerous experts. Furthermore, 
one of its characteristic advantages 
is that it may be cleaned in twenty 
minutes.? | 
The Linuir evaporator repre- 
sents one of the early modes of 
ruissellement (Fig. 25). The Fic. cae ate aa 
tubes are slightly inclined and 
open into a steam chamber S. The tube plate is 100 mm. in 
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thickness, and the tubes are free at the other end. The attach- 
ment between the tube plate and the tubes is made without anneal- 
ing. The evident advantage of this arrangement is that free 
expansion and contraction without obstruction are obtained. 
This condition does not exist when the tube plates are arranged 
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Fig. 25.—Section of Lintim Evaporator. 


as in most of the evaporating appliances, and the possibility of 
leakage is thus reduced to a considerable extent. The steam or 
vapor, as the case may be, enters S and from there passes into 
the slightly slanted evaporating tubes, 7, producing the desired 
evaporating effect upon the juice on the outside coming from 
the circulating pump P and following the direction of the arrows. 

The condensed water from the steam used for heating flows 
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back into the steam chamber S. The saccharine juice showers 
down upon the evaporating tubes during concentration. This 
juice, before entering the apparatus passes through a so-called 
balance valve regulated by a surface float. The combination is 
such that the supply meets the demand, in other words, the amount 
of fresh juice entering the evaporator is equal to the quantity 
evaporated. The circulating pump has sufficient power to send 
the concentrated liquor out into the air against the- vacuum in 
the effect as wel! as to circulate the liquid, and consequently no 
_ tail or syrup pump is employed. It is pointed out that the vapor 
escapes freely from five sides of the evaporating tube. This is 
_another important feature as compared with most of the existing 
multiple effects, for in the typical vertical kind the escape is only 
from the top. Another feature of the apparatus is the reverse 
mode of working. By the assistance of the circulating pump the 
liquor may be taken thin into the coolest effect and discharged 
concentrated from the hottest effect, the reverse of the usual 
way of working. It is claimed that the losses from entrainment 
are less than one one-hundredth of one per cent, and that the 
tubes do not need scraping. 

The arrangement of the tubes in different parts of this evap- 
orator are shown in Fig. 26. The drawing gives a very excellent 
idea of just how the juice enters the effect from 
the circulating pump, and its subsequent flow 
through the distributing tubes, which may be a Cy 
taken out from either end. The water of con- ===) 
densation flows into the steam chamber. Another 7 
interesting feature of the LILLiz evaporator is that Rene Sen 
the quantity of saccharine liquor that is being act- of Evaporating 
ually evaporated at a time is comparatively small ere 
as compared with the older methods, and this fact 
permits the duration of the process to be proportionately dimin-. 
ished. Under these conditions the dangers of inversion are 
lessened and, furthermore, there is less chance of coloration of the 
juice, which is an important factor. 

Theisen evaporator.—One of the interesting apparatus in 
which ruissellement is combined with evaporation in the open 
air is the THrtseN! evaporator, which consists of a cluster of 
tubes over which is placed a circular gutter into which flows the 
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juice to be evaporated. In this gutter a straining or filtering 
device may be placed which will retain or separate the mechani- 
cal impurities of the liquid before they enter the evaporator. The 
liquor flows in thin streams along the tubes, and at the same 
time and in the same direction air is drawn through by means 
of a suction device placed at the bottom of the evaporator. Under 
the tubes is a closed compartment from which the concentrated 
liquor can flow out through a syphon. The liquid that does not 
separate is held back by a special apparatus before air enters the 
exhauster. This appliance consists of a,box in which are arranged 
a series of funnels with holes of varied sizes on top. The vapors 
are compelled to follow the sides of the funnels upon which the 
drops of liquid will collect. The interior of the tubular receptacle 
comes in contact with vapor or steam. The tension of the vapor 
evaporated is thus increased, and air becomes the, more super- 
saturated with moisture. 

A centrifugal evaporator of THrIsEN’s! most recent design 
consists of a funnel heated on the outside and a rotating cone 
of a slightly smaller diameter with agitators. The juice enters 
at the bottom of the apparatus and rises along the surface of 
the revolving cone, and is projected against the funnel. The 
agitators, being nearer and nearer together when approaching 
the top, are sufficiently close to the funnel to force the juice, which 
the strong current of air in the apparatus would tend to send 
upward, in an opposite direction. The air in question is a con- 
siderable aid in the evaporation of the juice. At last the juice, 
considerably concentrated, collects in sufficient quantities in the 
funnel to have a natural flow through the bottom exit pipe of the 
evaporator. While the idea is interesting there is no indication 
of its practical application. 

Circulation of steam.—In the vertical modes of evaporating 
juice the steam enters from the side—generally at the middle— 
into the calandria or tubular cluster. For reasons to be subse- 
quently explained CLAASSEN points out that this is a mistake. 
The steam splashes the first tubes with which it comes in con- 
tact, and to prevent their destruction suitable obstruction plates 
which act as equal distributors are used. 

During the past decade the methods of steam introduction 
have undergone numerous changes. Among these mention may 





1Oe.-U. Z., $1, 1024, 1902. 


EVAPORATORS. 43 


be made of the construction which had the object of dividing 
the current of steam into three parts, which passed separately 
through the tubular cluster divided into three sections. For 
various reasons the idea was of very little practical value. DxssIN 
recommends a vertical passage along the entire height of the 
tubular cluster and connected with the steam-distributing pipe. 
The admission of the steam into the calandria is assured by 
three or four openings of a total area slightly greater than that 
of the steam-distributing pipe. Under these circumstances the 
steam upon entering the tubular cluster, which has to be heated 
on top and at the bottom, will have ample intertubular space 
along the entire length of the tubes. 

The question of distribution of vapor through the tubular 
clusters has been the subject of numerous inventions and dis- 
cussions. As a general thing such combinations have never given 
the expected results. The best arrangement is to have few or 
no baffle plates. Under all circumstances they should be closely 
connected with the extraction of the air, the incondensable gases 
and vapors, and with the evacuation of the condensed water. 

Fig. 27 is a section of the tubular cluster. <A central tube of 
larger diameter is intended to facilitate 
the downward movement of the cooled 
liquor to the portion where the heating 
is most active, and should consequently 
be placed in the coolest part of the 
apparatus; that is to say, at the ter- 
mination of the steam circulation, 
which justifies the spiral baffle plates. 
At the extremity of the steam circula- 
tion should also be placed the ammo- 
niacal extractors and the exit pipe 
for condensed water, shown in the 
drawing near the centre. Further- 
more, the lower portions of the baffle 
plates should have a jagged surface 
so as to allow the vapor that condenses 
immediately upon entering the tubular drum to fall along the 
tubes to the bottom, and escape as rapidly as possible in the 
direction of the evacuation. , 

In the Fives LILLE apparatus a special passage is arranged 
around the calandria. The steam used for heating thus circu- 
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Fie. 27.—Detail of Tubular 
Cluster and Outer Drum. 
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lates entirely around the tube cluster, entering through a series 
of holes which act as distributors. Fig. 28 shows a drum and 
Shoo no tubular cluster without the large 
, central tube, and in this case there 
are no baffle plates. In the vertical 
evaporators it is important that the 
maximum distance be travelled, for 
evidently the longer it is within 
reasonable limits the greater will be 
the velocity of the circulating steam 
or vapor. One of the objectionable 
features of this exceptionally long 
circulation is evidently the loss of 
energy due to various causes, and 
Fic. 28.—Drum and Tubular frequently the ultimate result is the © 
Cluster without Central Tube Jogg on one hand of what has been 
and Baffle Plates. 
gained on the other. 

Removal of condensed water.—As already mentioned there 
is in the vertical multiple effects no difficulty in handling the 
condensed water, and in the horizontal effects the condensed 
water is, within reasonable limits, pushed through the tubes by 
the circulating steam into the chamber where the heating tubes 
terminate. Water must be removed from this chamber, other- 
wise the evaporating surface of the tubes would become inactive. 

The condensed water cannot take a direction opposite to that 
of the steam from which it was obtained. On the one hand, 
this water would have to overcome the inertia of the vapor and, 
on the other, the friction of the steam with which it comes in 
contact and to which it is tied through an intermediary vesiculary 
strata would affect its circulation in the cooler parts of the appa- 
ratus, and thus, in an important measure, diminish the condensing 
power of the compartment. By having a rational exit the cur- 
rent of vapor, in its passage through the compartments, would 
tend to push forward rather than retard the condensed water. 

It is to be noted that when steam is under pressure in the 
calandria there is no difficulty in removing the condensed water. 
The precautionary measure of preventing a loss of escaping steam 
is essential. Evidently when the pressure of steam used for 
heating is less than the atmospheric pressure, special arrange- 
ments should be adopted with the view to the removal of ammo- 
niacal water. It stands to reason that the purity.of the con- 





EVAPORATORS. 45 


densed water depends upon the purity of the steam employed, 
and it frequently happens that when the vapor used for heating 
is from another compartment of a multiple effect, in which ammo- 
niacal gases are developed, the ammoniacal content of the water 
is very high. According to StaMmMER! ammoniacal waters have 
the following composition: 


COMPOSITION OF AMMONIACAL WATERS. 





: First Second 

pareeeneats. Analysis. Analysis. 

, Per Cent. Per Cent. 
Organic substances....... 0.0014 0.0016 
Inorganic substances. ..... 0.0005 0.0002 


IATRMIONIA Se es eee es ec 0.0059 0.0187 


Kaspar’s? analysis showed that these waters contained 0.0136 
per cent of ammonia and 0.0157 per cent of carbonic acid. It 
is pointed out that even if the ammonia combines to form a neu- 
tral carbonate there will remain 0.0016 per cent of free ammonia. 

Evacuation of the condensed water from the compartments 
where the pressure of the vapor is higher than the atmospheric 
pressure may be accomplished with a 
floating purging device. The purger that 
has been in very general use for a term of 
years, and is still to be found in certain 
beet-sugar factories, consists of a closed 
compartment (Fig. 29) in which through 
the pipe, a, steam and condensed water 
are introduced. A receptacle, b, occupy- 
ing the centre, slides on a central tube c. 
Water fills the exterior annular space and 
raises the float b which closes all com- 
munication withc. ‘The water continues 
to enter, and when it finally runs over 
the sides of the receptacle its weight brings b back into its 
original position, forcing the water out through c. When it is 
half empty it will again close c until the overflow recommences, etc. 

Many other systems have been used for the same purpose. 
For example, the ScuarFFER and BupEensere (Figs. 30 and 31) 
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Fig. 29.—Steam Tramp. 
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appliance consists of a bent brass tube, B, the length of which is 
kept the same by means of a long iron rod R. When steam cir- 
culates in this pipe it will expand, and, as its lateral expansion 
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SCHAEFFER AND BUDENBERG Steam Tramp. 


is prevented, it will bend downward where the tube offers the 
least resistance, and will thus close the passage for the steam cir- 
culation in the lower tube C by means of the valve V (Fig. 31). 
When the pipe becomes full of water the expansion is lessened 


and the valve remains open 

=e until the pipe is again full of 

=f steam. This purger may be 

ade readily kept under observation. 

oiceal ee The Darx (Fig. 32) purger 

<< So consists of a cylindrical recep- 





tacle, H, into which the water 
of condensation is introduced. 
SS ; When it reaches a certain level 
Reeth GROG 8 _ the float, A, is raised, and act- 
fs cee eee eee ing on a lever, O, opens the 
: valve, D, which allows water 

to run off through H until the 

level in EF is so much lessened 
as to close D. The upper pipe, 
G,is intended for the exit of the gases which would otherwise 
accumulate in the purger. Peep glasses are placed upon the sides 
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Fie. 32.—Darx)Purger. 
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and permit one to follow the working of the apparatus. Numerous 
modifications have been made in this purger, especially as regards 
the valve which in most existing appliances is a balanced valve. 
Instead of the peep glasses exterior level tubes are used, which 
have the advantage of permitting one to obtain samples of the 
condensed water. If the valve was leaky it would evidently cause 
a considerable loss of steam, and if it should stick to its seat for 
any reason the water would accumulate in the calandria, hence it 
is desirable to have water levels in communication with that portion 
which would show whether water is accumulating there. Without 
doubt these purgers should be frequently examined during the 
sugar campaign. In certain special cases MALANDER says it is 
urgent to have upon the purger safety valves of exceptional size 
which communicate with the exterior and allow the steam to escape 
after it reaches an abnormal pressure. It is justly recommended 
that the cock above the purger be opened every now and then to 
prevent non-condensed gas from accumulating. 

The return of the condensed water from the first compartment 
should be accomplished with a U tube having arms three to five 
meters high, arranged so that its free open orifice is somewhat lower 
than the bottom of the tubular drum. This arrangement assures 
in the compartment the desired pressure and the maximum 
temperature of the steam or vapor used for heating during the last 
period of its circulation ; it also prevents the return of the condensed 
water into the compartment while the apparatus is not working. 
To increase or to decrease the efficiency of the apparatus, it is pro- 
posed to place at different heights on the pipe under consideration 
exit valves for the condensed water, so that the resistance of the 
water column, and consequently the pressure under which the ap- 
paratus is working, could be kept under thorough control. 

Vivien and Dusarpin! have proposed a mode to utilize the 
caloric of hot condensed water for the evaporation by circulating 
it from the heating chamber of one of the compartments into the 
following compartment, where, at the lower pressure prevailing, 
the water will give up its surplus of latent heat in the form of vapor. 
All the water finally reaches.the heating chambers of the compart- 
ment of the concentrated juice, from which it runs off at a lower 
temperature. In order to render this idea practicable care should 
be taken that the exit pipe of the last apparatus is of considerable 
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diameter, so as to obviate any possible accumulation of water in its 
interior. It is not quite clear what advantages of this plan are, as 
the caloric thus utilized in the multiple effect is lost for the boilers. 
Certain complications would necessarily follow if the arrangement 
was adopted, as it is difficult to regulate the passage of water from 
one compartment to another without carrying at the same time 
by entrainment a certain quantity of steam, unless well-arranged 
purgers are used. 

In order to remove the condensed water from the calandria in 
the compartments where the pressure is less than the atmospheric 
pressure a pump is necessary; but it frequently happens that after 
the removal of the water the vacuum will rise in the pump itself or 
jn the suction pipe, under which circumstances the water would at 
once commence to boil. In practice it is customary to place the 
pump at a sufficiently low level, so that the water accumulating in 
the pipes will compensate by its weight for the vacuum prevailing 
in the calandria, and under these conditions the pumping offers no 
difficulty. The best method consists in passing a long pipe from 
the calandria into a tank at a sufficient depth to compensate for 
the difference of atmospheric pressure, under which conditions all 
the condensed water will flow off naturally by gravity. The height 
between the level of the tank under condensators and the calandria 
of the last compartment of the multiple effect should be over six 
meters. 

Generally there is a special pump for each compartment of the 
multiple effect. However, in certain cases only one pump is needed 
for two compartments, but as these connect in centres where the 
vacuos are different, the pump should be double in its action with 
separate suctions and a single force pipe. Certain precautionary 
measures must be taken to keep the 
packing of the pistons of the pumps in 
a perfect condition, otherwise there is 
constant danger of leaks, the suction 
being thus much reduced, and becoming 
entirely inactive where water finds. its 
way to both sides of the piston. The 
RILLIEUX condensed-water separator 
(Fig. 33) permits the removal of this 
water from two compartments work- 
ing under different vacuos. The com- 
partment in which the vacuum is the lowest sends its water into 





Fig. 33. — Rititizux Con- 
deased-water Separator. 
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the compartment, d, from which it is removed through the pipe 
O by the ammoniacal pump. On the other hand, from the com- 
partment in which the vacuum is greater the ammoniacal water 
runs into a, and when at a sufficient level the float b is raised and 
thus opens the valve c. By this arrangement the ammoniacal 
pump may also draw off a certain part of the water from the com- 
partment, a. Suitable peep holes permit one to ascertain from 
the exterior just how the appliance is working. 

Ammoniacal pumps.— Whatever the arrangement of the 
ammoniacal pumps they should be so constructed that their dead 
spaces will be reduced to a minimum, this being one of the essential 
conditions for their regular working. In order to produce suction 
where there is a partial vacuo it is necessary that their movement 
create a vacuo behind the piston greater than the medium from 
which they are pumping. Experience shows that if the ammoniacal 
pumps work too rapidly they don’t work satisfactorily. The 
same thing is true of all pumps handling hot juices or water. 

The ammoniacal water carries forward during the suction a por- 
tion of the incondensable gases, and these must be withdrawn from 
the pump. Furthermore, when the volume to be extracted is smaller 
than the pump’s capacity there is drawn off in addition a certain 
amount of vapor and heavy non-condensed gases, such as carbonic 
acid, that accumulate on the bottom of the calandria. This within 
itself is a point in favor of the pump, but certain precautionary 
measures must necessarily be taken to prevent any loss of steam and 
any perturbation in the working of the pump. With this idea in 
view a reservoir is placed upon the pump, being connected with it 
at its lower portion, while at the upper portion is a pipe through 
which the gases are drawn toward the injecting condenser. A peep 
glass or a level indicator permits one to determine from the exterior 
how the pump is working. 

As far as possible all condensed waters are used to feed the 
boiler, which necessarily brings about a caloric economy. The 
condensed water from the compartments of the multiple effect 
is also used for the same purpose; but this is. objectionable if 
the water contains ammonia in excess or even small particles 
of sugar. The best practice is always to submit the water to 
repeated chemical examination. In certain factories it 1s cus- 
tomary to collect all the condensed water from the different com- 
partments of a multiple effect into one receptacle and then pump 
it to where it may be utilized. Mixing the hot and cold water 
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is not to be recommended. The better plan consists in keeping | 
separate the water that is at more than 100° C. and feeding the 
boilers with it, while the other water is utilized for the diffusion 
filter-press scum washing, lime slaking, ete. 

Removal of non-condensed gases.—There is no way to pre- 
vent non-condensable gases from finding their way into the calan- 
dria. To meet the ammonia difficulty occurring during evapora- 
tion, and which always has a corroding influence on the brass 
tubes with which it comes in contact, PEsstmR! proposes that 
the juice undergo a preliminary boiling with lime before entering 
the triple effect. It must not be forgotten that the lime is slow 
in its action upon amides, and this preparatory operation would 
demand considerable time. If this ideal condition of ammonia 
elimination could be realized it would not be possible to attempt 
concentration of juices in a multiple effect without having air 
in one form or another finding its way into the interior of the 
calandria. Consequently some special arrangement must be 
made to remove these gases. With this idea in view tubes are 
placed on the top of the vapor chamber communicating with 
the juice chamber of the apparatus, and the gases in passing from 
one compartment to another ultimately reach the condenser. 
In some cases these ammonia tubes connect directly with the 
condenser. CLAASSEN? has proposed to introduce steam or 
vapor at the bottom of the tubular clusters in the vertical evap- 
orators so that they may push the non-condensed gases and espe- 
cially the ammonia against the upper tube plate. This arrange- 
ment appears to have practical advantages. 

The evacuation pipes should be attached only to the upper 
tube plates at different places depending upon the number of 
tubes and the position of the steam distributors. If there is only 
one passage for the steam to enter the evaporating appliance the 
most desirable places to draw off the gases are at points on the 
periphery of the calandria at the greatest possible distance from 
the entrance opening and in the vicinity of the tube of circulation. 
If the steam enters by two passages, one opposite the other, it is 
important to clean out the portions between these openings. If 
experience shows that corrosion still continues in other centres 
evacuation pipes should also be placed at those spots, for with- 
out doubt these corrosions are positive indications that there is 
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a permanent accumulation of gas. When the evacuation tubes 
are placed in position on the disk holding the tubes of the evaporator 
it is important not to allow the tubes in question to penetrate 
the steam chamber, but to shove them off on the lower level of 
the disk; otherwise instead of accomplishing the work intended 
they could help the gases to accumulate in spaces from which 
they could not be removed. 

In the horizontal evaporators the steam always enters on 
the side, and the condensed gases are forced out with the con- 
densed water to the end of the tubes where the tubular clusters 
are united. For this reason the evacuation pipes should be placed 
at the upper part of the evacuation chamber. If the pipes are 
not perfectly horizontal, but are slightly curved, the gases col- 
lect in them and they are soon eaten away. 

As already explained it is not possible to remove the gases 
alone, relatively large quantities of steam being drawn off with 
them. CiAAssEN! estimates that the quantity of steam thus 
carried forward is 30 or 40 times more than the volume of the 
non-condensed gases. To regulate the ammoniacal gases drawn 
off small cocks or valves are used, but as may be imagined the 
fault found with these is that they are soon attacked by the ammo- 
nia and become leaky. 

The volume to be removed must be decided by experience; 
too much does less harm than too little, as a small loss of heat 
is not as objectionable, as are the corrosion of the tubes and a 
decreased efficiency of the apparatus. Particular attention should 
be given to the regulation of this removal of gases from the evap- 
orating-vapor chamber of the fresh juices, for the vapors from that 
compartment have a relatively high pressure and should be used 
several times in the following compartments. On the other hand, 
in the compartment which contains the concentrated juice the 
steam or vapor has been used several times and is under less 
pressure. ; 

The valves should have a diameter so that the gases might 
be drawn off without the least fear, even when the valves are 
entirely open. One may give as a general rule for practical work- 
ing that the valves or the evaporation cocks of the first com- 
partment should have a diameter of only 5 to 10 mm., unless when 
larger valves are used they are partly closed, or the pipes have 
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blind flanges with holes of this size. The valves of the last com- 
partments have a diameter of 25 to 50 mm., and should be at 
least half-way open. In order to keep the heat losses within 
reasonable limits the vapors drawn off, containing hardly 1 per 
cent of non-condensed gas, are not sent directly to the condenser, 
but go from the heating chamber to that part of the compart- 
ment where the juice is boiling. Under these circumstances 
this vapor is utilized in the following compartment of the series. 
Care should be taken to get rid of all the air in the apparatus 
rapidly and carefully, when the evaporator is first started and 
the heating compartments are entirely filled with air. The ammo- 
niacal cocks are very useful in regulating the vacuum of each 
of the compartments of the effect; it is pointed out that the evap- 
orating men frequently open them at the wrong time and thus 
destroy the equilibrium of the apparatus. 

Ammonia carried with water evaporated from beet juices 
may be estimated at one-half pound per ton of beets worked. 
As ammonia has many important usages in agriculture, SrxTa 
and Huprc! proposed to collect it by means of alum sprayed 
into the ammoniacal vapors, whereby a sulphate of ammonia is 
formed and the alumina precipitated. The appliance used con- 
sists of a tube three meters in length, near which are two reser- 
voirs containing the liquid. Inside the pipe are several partitions, 
the purpose of which is to bring the alum for a longer time in 
contact with the ammoniacal vapors. The alum solution consists 
of one part alum to eight parts water. Efforts have also been 
made to collect the ammonia in a special absorbing apparatus, 
by using sulphurous or sulphuric acid and other agents as absorb- 
ents, in the hope that the cost would be covered by the com- 
mercial value of the ammoniacal salts thus obtained. These 
installations, however, have not been successfully introduced. 
They cannot obviate the losses of vapor, for the reason that other 
gases remain in the steam which should also be removed. 

Sugar separators or ‘‘ catch-alls.’,—During the boiling in a 
multiple effect there is always a more or less abundant projection 
which may be carried by the vapor into the calandria of the fol- 
lowing compartment. Considerable losses occur from this source, 
and do what one may they continue to exist. Breton? points 
out that the average loss of sugar is 0.30 per cent of the total 
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weight of beets sliced and, furthermore, that the losses increase 
with the concentration of the juice. It is to be noted, however, 
that the actual losses are very much less, and PELuer! states 
that they need not be more than 0.14 per cent of the total sugar 
entering the factory in the beets. On the other hand, Barrur? 
admits that the loss through entrainement is 0.089 per cent of 
the sugar in the beet. 

The entraitnement may be of various kinds, among which may 
be mentioned the outcome of excessive boiling, especially 
when the effect is conducted with an abnormal level of juice above 
the tube plate. There may then be detached large bubbles, etc., 
which are carried into the air up to a certain height. If the shape 
of the effect is faulty the particles in suspension may be carried 
into the. calandria of the following compartment. ‘There is also 
danger of excessive frothing during evaporation, due to the effect 
being too full or to a faulty mode of running the vacuum pump, 
or the composition of the juice may be responsible for it. All 
efforts should be centred upon the prevention of the occurrence 
of these phenomena, as no mechanical device can entirely over- 
come the difficulty. 

The bubbles bursting on the surface of the juice will necessarily 
project particles of liquid into the air, which are so small that they 
are hardly visible to the naked eye. ‘The largest ones never? rise 
in the vapor column more than 0.5 to 0.7 m., while some of the 
smaller ones attain one meter, but they all fall upon the liquid 
again immediately, only the very small ones being carried forward 
unless special precautions are taken. They may be collected 
directly if the apparatus is high enough. 

It has, however, been maintained that the juice is not carried 
forward in the form of small drops, but in the form of vesicles that 
enclose, in a thin pellicle, a space filled with vapor. Such bubbles 
would evidently be readily carried by the circulating vapors, owing 
to their comparatively small specific weight and their large volume. 
According to Horstn-Dton the vapors liberated from boiling 
saccharine solutions will be superheated, for the juice boils at a 
higher temperature than would water under like conditions. This 
superheated vapor tends to rise, the motion absorbs heat from the 
cooler environment in which it is placed, and a film of water will 
be formed around the superheated molecule. This theory explains 
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why the entratnement is greater in the case of boiling syrups than 
with less concentrated juices. Decituy! in discussing the subject 
says that there can be no possible reason why during the movement 
of superheated vapors their molecules should not yield up their 
superheat, and that the theory of condensation in contact with the 
ambient vapor is not justifiable. All the information at our disposal 
throws very little light on the question as to whether sugar is 
carried out as a vesicle or in drops, but there can be no doubt that 
the entrainement exists, and to collect the sugar carried forward 
various contrivances are used. 

Elements that influence entrainment.—There are numerous 
factors upon which the entrainment during evaporation depends: 
(1) Construction of the apparatus; (2) the extent of the vacuum; 
(3) the intensity of the boiling; (4) the height of the juice; (5) the 
viscosity and the nature of the juice. In theory the first difficulty 
could be overcome by constructing the compartments of the effect 
of such a height that the drops projected from the boiling juice at 
considerable velocity and height will reach a point from which they 
will fall with sufficient force to overcome the rising and pushing 
tendency of the liberated vapor. As the most desirable height for 
a compartment of a multiple effect CLAass—EN recommends 3 to 
5 meters. The horizontal effects are built in the same proportions. 
The diameter of the compartment also plays an important rdle. 
The entrainement is necessarily considerably influenced by the 
velocity of the steam, and its influence is consequently lessened 
with the increased diameter of the appliances. If the circulation of 
the vapors be minutely examined it will be found that it is in the 
centre of the veins that the velocity is the greatest and it is there 
that the entrainement reaches a maximum. 

HAUSBRAND 2 points out that the volume of steam and also its 
velocity in any given section of a compartment of the effect increases 
in a certain proportion with an increase in the vacuum. The 
pressure upon any given drop and the possibility of its being carried 
off with the vapor increases with the square of this velocity. Con- 
sequently it may be concluded that there is every advantage in 
building the effect so that it will work properly with the maximum 
possible vacuo. Under such conditions the drops carried away 
during entrainment will be reduced to a minimum. 

The intensity of the boiling also has an influence upon the 
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entrainment, for the reason that the distance travelled by the 
projected drops increases with the extent to which the juices are 
boiled. It must be also noticed that the volume and consequently 
the velocity of vapor liberated are greater. As regards the influence 
of the height of the juice in the effect it is to be noted that the 
bubbles of steam from the bottom of the compartment, formed at 
a comparatively high pressure, will burst open with a force directly 
proportional to the difference of pressure between the upper and 
the lower surface of the boiling juice. Furthermore, the greater the 
reduction in the size of the vapor chamber, the greater will be the 
chances for the vapor to carry off the bubbles by entrainment 
before they have a chance to fall by gravity. If we admit that 
sugar vesicles are formed in multiple effects, they should be produced 
from viscous liquids such as concentrated syrups; but these being 
heavier are less likely to be carried off by entrainment. In view 
of these different actions, which tend on the one hand to diminish 
and on the other hand to increase the losses with concentrated juices, 
the fact remains that with the latter the entrainment is greater. 

According to CLAASSEN the rapidity of entrainment depends 
upon the amount of vapor formed in the juice, and, consequently, 
upon the rapidity and energy with which the steam bubbles break 
open on the surface; also upon increase of viscosity and the velocity 
with which the liberated vapors circulate. Very few drops of 
juice are carried forward by entrainment in the first compartment 
of the multiple effect, as the escaping vapor, which is under pressure- 
or under a comparatively slight vacuo, does not occupy much 
volume, the juice being thin and fluid and the velocity of the 
moving vapor small. 

On the other hand, in the last compartment, where the vapor 
assumes a volume about six times greater than under a pressure of 
one atmosphere, the viscous juice is more or less pulverized by the 
bursting of steam bubbles. If the drops of juice thus produced 
find their way into the piping when the velocity of the vapor is 100 
meters and even more, they are carried forward into the condenser 
and lost in the condensed water. It is certain, however, that in 
the compartment of concentrated juice, having a sufficiently 
elevated free space, there is only a very small quantity of juice carried 
by entrainment. This may be readily proved by estimating the 
sugar percentage of the condensed water. 

Theoretical considerations.—While the so-called catch-alls are 
sometimes placed on the inside of the compartments of the 
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multiple effects, this is an exception to the rule. The best arrange- 
ment is to place them on the large pipes connecting one compart- 
part with another and intended for the passage of vapors liberated 
from the boiling juices. As these vapors move at considerable 
velocity it would be impossible to ‘‘catch” and collect the drops 
carried forward by entrainement without obstructing the vapor 
circulation so as to retard it very considerably. The only way to 
decrease the velocity of the circulating vapor is to increase the 
diameter of the pipe. This enlarged section is so placed that the 
change in motion is sudden. Do what one may all the particles 
of vapor will not change their motion under the same conditions; 
for example, those in the centre of the vein will have a greater 
velocity than those on the side, for the reason that they encounter 
less friction. 

The practical experiments of Horsin-Dton! bring to light some 
important facts relative to the motion of vapor in the catch-alls. 
He took for a typical ‘‘ralentisseur’”’ the so-called Hodek, and 
showed that vapors upon entering its interior will expand to fill 
the increased space. It is mainly the exterior portions of the 
veins that expand, and if it is desired that the interior vein shall 
also have the greatest possible expansion during its run, the catch- 
all must be sufficiently long, the best proportion being twice its 
diameter. It is shown that the best results are also obtained when 
the proportion between the diameter of the pipe connecting with 
the compartment of the multiple effect and that of the catch-all is 
as 1:3.5. During the passage of the vapors? through the catch-all 
the central vein is necessarily conical in shape, and it is claimed that 
around this cone there is an annular space where a certain vacuum 
exists, the ultimate effect of which is to burst the vesicles. 

Other experiments show that if the direction of the vapors’ run 
is changed the central vein will more readily expand. But the 
distance travelled between the entrance and exit of the catch-all 
continues to be a very important factor. In the Hodeks? with 
baffle plate the shape of the veins is changed, but the vapor taken 
as a whole moves with about equal velocity. A well-known 
authority + points out that in the case of catch-alls with compara- 
tively small diameters the precaution should be taken not to con- 
tract the vein suddenly, as the entrainment would thereby be 
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increased. From what has been said in the foregoing one may 
conclude that it is important to prevent, by suitable obstructions, 
the formation of the veins, as when the velocity of the vapor is re- 
duced the sugar in suspension will soon deposit. 

Some of the most improved models of catch-alls have per- 
forated baffle plates, but in regard to these there is much to say. 
It is not alone sufficient to give these holes a total section deter- 
mined in advance, for the reason that one opening through which 
a gas may circulate will necessarily cause very much less friction 
than will two openings of the same total area. According to 
Décuuy,! for equal sections and conditions, the friction is approxi- 
mately proportional to the square root of the number of per- 
forations. The influence exerted is consequently very consider- 
able. It is also important to mention that the efficiency of a 
catch-all increases with an increase in the friction of the moving 
vapors. Without doubt the thickness of the perforated baffle 
plates used in the catch-alls has an important influence upon 
the friction, hence it should be kept within reasonable limits. 

The efforts to prevent entrainment of the drops has not been 
limited to mechanical means, and other modes have given more 
or less satisfactory results. For example, RINGHOFER? proposes 
to bring the vapor and froth, etc., in contact with a highly 
heated surface that will transform it into steam. Again, VIVIEN 
proposes to place the catch-alls, not in the hottest part of the 
factory, but outside of the building above the roof. The vapors 
then partly condense and the vesicles fall to the bottom of the 
catch-all. 

Description of catch-alls—Horsin-Dton, CLAASSEN, and 
numerous other authorities justly declare that the best device 
consists simply in having the evaporating chamber of the com- 
partment of a multiple effect sufficiently high above the juice 
level to prevent drops from being carried forward through entrain- 
ment. DécLtuy admits the truth of this, but says that this pre- 
caution alone is not sufficient to overcome the sugar losses in 
question. 

One interesting idea? is that of placing in the last compart- 
ment of a multiple effect a wire cloth with a sufficiently close 
mesh to prevent the passage of the vesicles. In one of the Cain 
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(Fig. 34) combinations a sufficient number of small tubes are placed 
at the upper part of the evaporating chamber, B, to allow the 
steam to pass from it. Suspended over these tubes are half 
spheres that throw the suspended drops back upon a plate, F. 
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Fig. 34.—Carnt Catch-all. 


Suitable pipes, H, permit the juice to fall from plate to plate 
back into B. There are many other combinations of the same 
kind, but few of them have continued in practical use. 
Another type of catch-all, which is also called'a Hodek after 
its inventor (Fig. 35), consists of a horizontal cylinder, M, of a 
diameter very much in excess of the pipe, L, through which cir- 





Fic. 35.—Hopexk Catch-all. 


culates the vapors liberated from the boiling juice. There neces- 
sarily follows a fall in the pressure and a reduction in the velocity 
of the moving vapors, causing a bursting of the vesicles. The 
perforated baffle plates, s, mechanically hold back the drops 
that are sufficiently heavy to be influenced by the obstruction, 
and they are then carried back by the pipes, t, into the compart- 
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ment from which they escaped. When the vapor has been freed 
of the sugar in suspension it passes out from the arrestor through 
the pipes, N, into the following compartment of the series. If 
the collecting pipes, t, become clogged, the water level, Z, indi- 
cates the existing conditions. In a more recent Hodek design 
there are seven perforated disks which act as obstructors, one 
placed at the entrance of the vapors, the 
other in the middle of the run, and five at be 
the exit, the spacing between each being 15 — 
em. The efficiency of the apparatus de- ' 
pends upon its length. 

The variations of this idea are almost 
without limit. Among them may be men- 
tioned the vertical combination (Fig. 36), 
in which a hood placed over the entrance 
vapor pipe, L, acts as a sort of preliminary 
obstructor. Here, again, there are three 
partitions, s, which are slightly inclined, so 
that the drops all collect at one side. The 
condensed juice is carried off through the Fig. 36.—Vertical 
pipe, t. In this case also there is a level Catch-all. 
indicator. In the LENcAUCHEZ sugar arrestor there is a series 
of concentric filtering surfaces arranged so that the closed por- 
tions of one will be opposite the openings of the others, under 
which conditions it is claimed that all the veins will project the 
drops held in suspension against the baffle plates from which 
they run off. 

It is seen that these safety chambers (Fig. 37) for multiple 
effects have many different shapes, but in reality they all work 








on very much the same principle. The newest design has three 
divisions, b, in which are horizontal openings, c, through which 
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the steam passes; after having abandoned the particles of juice 
that have been mechanically carried forward these collect in spe- 
cial gutters, e, at a lower elevation and finally run off through 7. ? 
ABRAHAM? recommends that for all types of catch-alls, whatever 
their arrangement may be, a series of plates arranged very much 
like window blinds be placed in their interior. These plates form 
serious obstructors and the vapors are compelled to travel in and 
out of them, upon which they abandon the particles of juices 
carried forward by the vapors. 

The Rornria and Kornie (Fig. 38) is an interesting apparatus 
which may be placed on top of the evaporating compartment. 
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Fig. 38.—Roerurie and Kornia Sugar Arrestor. 


It consists of a compartment, A, B, very much wider than it is 
high, and greater in diameter than the pipe through which the 
vapors circulate upon leaving the effect. At a certain distance 
from the outside is placed a crown made up of pieces of thin undu- 
lated sheet iron, m, between which the vapor is obliged to cir- 
culate twice before escaping through the exit. The condensed 
juice thus separated flows back into the effect through ps and nr. 

Of late years considerable attention has been given to a catch- 
all of enormous proportions of the DicLtuy type. In this device 
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there is no condensation of vapor and no return of juice to the 
evaporating apparatus. The appliance provides considerable sur- 
face of contact. At the CauLoo (Belgium) factory the sugar 
arrestor receives its vapors, first, from the fourth compartment 
of a quadruple effect; second and third, from the first and second 
vacuum pans respectively; fourth, from four vacuum crystallizers 
of 250 hl. capacity. It consists of a large cylinder 3.20 m. in 
diameter and 2 m. high, at the lower portion of which is a cone- 
shaped bottom, the point of the cone being connected with a 
pipe for the evacuation of the collected juice which is sent to a 
measuring receptacle. The upper end is also conical and ter- 
minates by a tube 60 cm. in diameter, through which circulate 
the vapors that have been freed of their sugar. 

The vapors from the apparatus mentioned in the foregoing 
enter the sugar arrestor at the bottom. Inits interior are placed 
the requisite obstructions which prevent the sugar in suspension 
from being carried forward. For this purpose a series of wooden 
laths are used, leaving 25 to 35 mm. spacing between two laths, 
that is, the spacing is the same as the total thickness of the laths. 
Upon these laths in a perpendicular direction is placed another 
layer; the third layer is so arranged as to have spacings in the 
reverse order to those of the first layer, while the fourth series 
leaves spaces which are reversed to the second layer, etc. Instead 
of wooden laths tubes, strips of iron, or other materials may be 
used. When the vapors come in contact with the first layers 
their motion is considerably retarded and the heavy particles 
fall to the bottom, while the lighter are carried forward. The 
first essential condition for a sugar arrestor is that the velocity 
of the vapor be retarded; this is accomplished by having a very 
large capacity for the receiver, to subdivide as much as possible 
the current of steam, and finally to offer to the finely divided 
vapor sufficient area to compel every particle to rub against its 
surface. During the 1899 campaign the quantity of sugar thus 
obtained was 0.15 per cent of the weight of the beets worked. 

Upon general principles the construction of the sugar arrestors 
must vary with the manner of working the factory. By old methods 
the so-called Hodek gave satisfactory results, but at present, with 
_ the dry-air pumps as now used, combined with high pressure in 
the first compartment, their working is faulty, as the entrainment 
in such cases increases. Cases may be cited where, when the 
barometric condensers were first introduced, the entire condensed 
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water contained so much sugar that it had to be reworked in 
defecation and carbonatation tanks. At the Catioo factory in 
1897, with a vacuo of 68 to 70 cm. of mercury, the sugar of entrain- 
ment arrested was 0.186 per cent of the weight of beets worked, 
and in 1899, with 64 to 66 cm. of mercury vacuo, the amount of 
sugar arrested was 0.154 per cent of the weight of beets worked. 
In general it may be said that the entrainment is directly propor- 
tional to the vacuum. 

Sugar-arrestors with reversed circulation.—There are several 
types of these arrestors. In the BRUNSWICK model the pipe for 

the entrance of the vapors from the 
Petey \ effect is upon a different level from 
oo the exit, the vapors being thus obliged 
| ("to travel in a zigzag direction and 
‘\ the drops and particles in suspension 
t being thus eliminated or separated, 
owing to their being projected against 
the end plates. It is claimed that 
this arrangement does away with the resistance offered by the 
perforated plates in the typical Hodek (Fig. 39). In this case the 
condensed juice is drawn off at ¢ as usual. 

SIMIRENKO (Fig. 40) has arranged a sugar arrestor upon an 
original basis that demands attention. It 
consists of a vertical receptacle which acts as 
a catch-all, in the interior of which is a par- 
tition, C, arranged so that it does not touch 
the bottom. The vapors enter at A and 
deposit their drops. The section of this com- 
partment is thirty times greater than the pipe 
A. The vapors that are liberated of their 
particles in suspension leave at B, and the 
recuperated juice return by D to the effect. 

The Von EHRENSTEIN ! arrangement keeps 
back the vesicles of the vapors from the com- 
partments of the multiple effect by introducing 
them in the direction of the tangent of the 
outer contour of a cylindrical receptacle. The Fic. ii agers 
vapors turn around the outer surface, and Sugar Arrestor. 
the motion ultimately causes the drops in suspension to collect 








Fra. 39.— Brunswick Catch-all. 
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toward the centre; there they meet a metallic filtering surface 
against which they burst. The juice runs off from the bottom, and 
the vapor passes through the filtering medium and continues its 
run. 

Among the new departures of sugar arrestors may be mentioned 
the PriLLwitz mode, which consists of a wheel with projecting arms 
that drive the particles to be eliminated against the sides of the 
sugar arrestor. The motion is transmitted by a pulley or the steam 
itself. 

The Bovuituant (Fig. 41) centrifugal sugar separator consists 
of a turbine, placed in a compartment, 
in the direction of the axis of the flow 
of vapor, and having a velocity of 200 , = 
to 300 revolutions per minute. There ! 
follows a projection against the sides | 
of the sugar arrestor and the resulting 1 
juice flows downward to escape through cS 
a special pipe. 

By the HmckmMann! mode the va- 
pors from the effect filter through a 
valve placed above the exit pipe. The 
drops are projected horizontally and 
collect around a pipe in a space forming 
an exterior reservoir. There is a slight 
expansion, followed by the bursting of 
the vesicles of the saccharine solutions. 

The new desugarizor of the MUELLER 
design consists of a large funnel, over Fic. 41.—Bourtuanr Centrif- 
which is a ring that is placed_in the tea beepatator. 
evaporator, over the passage by which the vapors escape. The 
ring has lateral openings, so as to allow the vapor to penetrate in a 
direction tangent to its outer surface; then follows an enormous 
circulation. In the middle of the funnel, and directly above the 
pipe that returns the juice collected from the drops to the appara- 
tus, there is a brush, the hairs of which hold vesicles that may be 
carried forward through the existing entratnement of the steam. 
Under these conditions they fall to the bottom into the juice being 
concentrated. 

Almost all the combinations, besides those mentioned, which 
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consist of a sort of suspended compartment placed above the 
evaporating chamber, combining varied devices which form ob- 
structions in the flow of the vapor, have to a certain extent been 
abandoned, as they do not give the results expected of them; the 
velocity of the vapor liberated in the effect being too great to be 
influenced by most of these means. The Cait (Fig. 42) froth arrestor 
or destroyer consists of a cast-iron hollow column, A, with an 
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Fig. 42.—Cait Froth Arrestor. Fig. 43.—Vivien Arrestor. 


interior flue, B. Vapor enters by the tubes, C’, passes into B, and 
escapes by D. The entrained liquid collects between the two 
concentric cylinders and returns to the effect. There is a level 
indicator, H. One of the characteristic departures among the 
sugar arrestors is the obtaining of the entrained sugar through the 
cooling of the vapors. The Vivien (Fig. 48) sugar arrestor consists 
of a vertical cylinder in which is placed a large pipe, B, through 
which the vapors circulate from one effect to the other. They enter 
on top at A and are in a measure cooled by passing over the cooler, 
CD, placed in the catch-all. There results a partial condensation. 
This necessarily means the removal from the vapor of the sugar 
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Carried by entratnement. In order that the cooling need not cause 
a loss of caloric a juice, such as that from the diffusion battery, is 
circulated through the sugar arrestors of the different compartments. 

Conclusion regarding catch-alls.—During many years past 
the writer has insisted that the catch-alls were not as necessary 
as.is generally supposed, and without doubt when the evaporating 
chamber of an effect is sufficiently high and when the apparatus is 
properly built they may be done away with. The loss of sugar is 
more than compensated for by a decrease in the loss of the caloric 
of vapors passing through the arrestor. Whether the apparatus is 
used or not it is always desirable to make repeated analyses of 
the condensed water resulting from the vapors in question, using 
for this purpose the L naphtol which, according to Mou.iscu,! 
permits the determination of 0.00001 per cent of sugar. 

In the examples mentioned in the foregoing the arrested juice 
from the vapors returns to the evaporating chamber of the effect, 
but some experts claim that this practice is a mistake. Racorand 
SAILLARD? say that these juices always contain a certain amount 
of ferments which will have an ultimate reducing effect upon the 
sugars. Racor at his Mnaux factory combines them with the 
after-products before graining. The question remains, From what 
source do these ferments arise? Are they due to centres of infection 
in the catch-alls, the outcome of faulty cleaning? Horsin-Dion ? 
suggested that the air from the arrestors should be removed just 
as from every tubular cluster, as otherwise the efficiency of the 
apparatus would be lessened, due to the existence of stagnant layers 
of uncondensed gases. With this idea in view suitable purger cocks 
are placed on all well-constructed catch-alls. 

Compartment attachments.—When planning a beet-sugar fac- 
tory it is always desirable to take into consideration the position 
of the evaporating appliance as regards light. The large glass- 
covered peep holes, or observation windows, permit one to note 
repeatedly the progress of the evaporation in the interior of the 
effect, and as they continue to a certain height of the compartment 
they permit observation even in case of excessive frothing. 

With all the precautionary measures taken the observation 
made through peep holes is never entirely satisfactory by daylight. 
On the other hand, by placing a lamp in front of one window it is 


t Oe.-U. Z., 21, 379, 1892. ? Cire. Synd., 767, suppl., 26, 1903. 
SBullAcs., £6, 62, 1897. — 2 


66 | BEET-SUGAR MANUFACTURE. 


visible through the opposite exterior window. It has been sug- 
gested to use interior electric lamps, but these must, in all cases, 
be thoroughly protected against the moist vapors. The Carn 
(Fig. 44) arrangement possesses certain interesting advantages. 
The lamp, Z, is introduced into the compartment of the cffect 
through an opening, PP, and has an exterior glass cover, V, air 
being kept out of the evaporator by a suitable joint,d. The plate, 
BB, keeps the joint in position, and above this plate and screwed 
on by g’ to its outer border is the plate which holds the electrical 
wires and the reflector D of the lamp. Multiple effects should have 
suitable steam pressure and vacuum gauges. Advantages are found 
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Fie. 44.—Cart Lamp Protector. 


in some cases in having mercury pressure indicators. These were 
first introduced into the beet-sugar industry by Brummer.! The 
standard vacuum gauges whatever be their construction frequently 
get out of order. The vacuum gauges should be placed at an 
elevation above the Juice level in the evaporating chamber, and a 
pressure gauge must also be placed on the calandria of the first 
apparatus. In the way of thermometers for multiple effects the 
mercury model is generally used, but is constantly breaking. 

Level indicators render an important service, but very seldom 
work as they should by reason of faulty construction. The axis of 
the upper and lower sockets for the tubes should be in exact. pro- 
jongation. MALANDER points out that such is seldom the case, and 
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the result is that air bubbles enter the tubes, preventing one from 
ascertaining the level of juice, and furthermore they break fre- 
quently. The tubes should be so arranged that about.500 mm. are 
above and 500 mm. below the normal juice level. Their diameter 
is generally about 25 mm.; if it be smaller the indications are not 
reliable. To the lower portion of the level indicators is branched a 
glass test tube, with which the indicator may be made to com- 
municate. After closing all communications with the effect and 
opening a top air cock the liquid from its interior runs off. Level 
indicators should also connect with the calandria, so that the 
evaporating man may familiarize himself with the existing interior 
conditions of the heating chamber, in order to ascertain whether 
water has accumulated, which may be due to the stoppage of the 
ammoniacal water pump or to other causes. From a practical 
standpoint it is important that all the hand-working valves should 
be within easy reach of the evaporating man. Special pride 
generally exists in having the general exterior aspect of a multiple 
effect present the most attractive appearance; hence the wood 
lagging is repeatedly varnished and metallic portions polished 
every day. 


CHAPIER, Ful 
THE MULTIPLE EFFECT. 


Historical—No appliance or apparatus connected with the 
manufacture of cane or beet sugar has occasioned more never-ending 
discussions regarding priority of principle than the multiple effect. 
None of the data carefully examined are sufficiently convincing to 
decide the issue. PicLEer maintains that the real credit should 
be given to Prcqurur, while others insist upon the claims of RiL- 
LinEUX. According to Procter! the principle of successive evap- 
orations by means of the same heat appears to have been put in 
practical use in 1829 by PEcquEuR. Later other appliances were 
constructed upon the same basis, among which mention may be 
made of the Rittinrvx American appliance, the first application 
of which was in 1845. But the former apparatus was not com- 
bined to work in vacuo. Horsin-Dton? claims that RiILLIEvX’ 
first invention was brought to light in 1830, but that at that time 
the idea was not accepted. It is difficult to decide between these 
two opinions, as no official document recording the circumstance 
is known. On the other hand, it is said that Rinurmux and PxEc- 
QuUEUR ? worked together at about that period. 

It is to be noted that the PecqurnuR appliance could not be 
adapted to sugar factories, as the heating surfaces of which he 
made use were exceptionally small, and, furthermore, the boiling 
was effected in some of the compartments at very high tempera- 
tures, while in the last section it was effected in the open air. 
The first document that the writer can find relating to this sub- 
ject is the American patent No. 4879, December 10, 1846, when 
RILLIEUX gave his idea a practical application. It consisted of 
“a series of vacuum or partial vacuum pans so combined together 
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as to make use of vapor from the evaporation of the juice in the first 
to heat the juice in the second, and the vapor from this to heat 
the juice in third, which latter is in connection with a condenser, 
the pressure in each successive one being less.” 

Principle of the multiple effect—When a liquid is separated 
by a metallic partition from the vapor that heats it it will boil, 
provided the conditions of difference of temperature between the 
vapor or steam and that of the liquid are such as to effect a boiling. 
By creating a vacuum it is possible to increase this difference, as 
the liquid will then boil at a lower temperature than it otherwise 
would. When the boiling temperature is thus lowered it is evident: 
that while keeping a difference of temperature amounting to a con- 
siderable number of degrees between the liquid that boils and the 
steam that heats a boiling with vapors at a comparatively low 
temperature may be effected, and the pressure may consequently 
be lower than the atmospheric pressure. 

If in the second compartment of a double effect—that is to say, 
an apparatus in which the vapors from the first compartment 
are utilized for the heating of the second—a vacuum be made so 
that the absolute pressure will be only 0.15 of an atmosphere 
in the interior of the apparatus, the boiling point of the juice 
would from this condition alone be reduced to 55° C. In order 
to boil the juice in the first compartment of an’ evaporating 
appliance steam at more or less pressure is introduced into the 
calandria or tubular cluster, the liquid soon begins to boil, and 
the vapor from the juice finding its way into the tubular clus- 
ter of the next compartment will then condense and transmit its 
latent heat through the tubes to boil the exterior juice. 

Boiling under the foregoing conditions can take place at 
55° C. Certain phenomena then follow which were pointed out 
by Watt. When two receptacles at different temperatures con- 
tain the same saturated steam the tension of this steam corre- 
sponds to the lowest temperature of the two receptacles. In the 
case under consideration the liquid of the first compartment is 
heated to a certain temperature, and this is followed by a con- 
densation of the vapors developed upon coming in contact with 
the more or less cooled surfaces of the calandria of the next com- 
partment. In theory the tension of this steam should fall to that 
existing in the second compartment. But in the case under con- 
sideration the exchange of temperatures through the surfaces with 
which the steam comes in contact is not instantaneous, and in 
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order to effect a boiling of said liquid there must exist a certain 
difference in temperature between the heating steam and the juice 
to be concentrated. The temperature of the strata of vapor or 
steam which condenses upon the metallic surfaces will be slightly 
higher than the prevailing temperature of the second compart- 
ment. This would mean a vacuum in the second compartment 
greater than that in the first. 

This idea may be followed throughout the entire working of a 
multiple effect in ail its phases. If the double effect is changed 
into a triple effect the heating steam is introduced into the tubular 
cluster of the first compartment, from which the boiling liquid 
sends its vapors to the second. These condense at a tempera- 
ture depending upon the temperature and the pressure of the second 
compartment, which also is under the influence of the third com- 
partment. The argument for five, six, or any number of com- 
partments holds good, but, unfortunately, after reaching a certain 
limit this simplified theory no longer agrees with the practice, 
as there is a limit under which the difference of temperature be- 
tween the heating vapors and heated juice in each compartment 
is not allowed to fall. : 

Economy of the multiple effect——While one calorie of heat 
raises the temperature of one kilo of water one degree, even when 
the water is heated up to its boiling boint, more heat is necessary 
in order to vaporize that amount. For example, to volatilize 
one kilo of water at 100° C., and under the average atmospheric 
pressure 537 additional calories are needed, its vaporized condi- 
tion depending upon its power to hold the said caloric called latent 
heat of vaporization. Through condensation all the latent heat 
is necessarily berated, and what remains is held in the water 
of condensation. 

The vapor in passing from one compartment to the other is 
entirely condensed in each of the sections of the multiple effect, 
and the amount of heat thus liberated is transmitted without 
loss through the sides of the heating device into the boiling juice 
and is entirely utilized for evaporating purposes. All facts con- 
sidered it is evident that by the combination under discussion 
this latent heat is in reality utilized several times for boiling the 
juice in the next compartment in which the pressure is kept lower, 
and herein lies the economy of this mode. 

A kilo of steam, when condensing, will give very different 
amounts of heat, depending upon the temperature of the con- 
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densed water. Allowance should be made for the cooling which 
the condensed water undergoes when it flows along the heating 
tubes, and which may vary with the construction of the apparatus, 
but can never be very great. The higher the pressure of the 
vapor or steam used for heating the smaller will be the amount 
of the liberated heat through condensation, as the amount re- 
maining in the warm condensed water increases. Consequently, 
it may be concluded that in a single-effect apparatus not one 
kilo of water, but always a fraction less, will be evaporated by 
one kilo of exhaust or live steam, and even in a multiple effect 
one kilo of steam does not evaporate two, three, four, or more 
kilos of the water contained in the juice, according to the number 
‘of compartments, but always less, depending upon the difference 
of temperature between the condensed water and the boiling 
juice. As these quantities of heat are not great they may be 
overlooked in many practical considerations. 

Experience shows that it is impossible to attain so high an 
efficiency! on account of several other losses, as, for example, 
the loss by radiation, notwithstanding the employment of the 
most modern non-conductors, and owing also to the loss in head 
when passing from one compartment to another, losses of vapor 
through the ammoniacal gas pipes, and variations in the level 
and the density of the juice. 

Schema of working of a triple effect.—The diagram herewith 
(Fig. 45) shows the circulation of the vapors of a triple effect, 
and if the series continues it remains unchanged, provided nor- 
mal conditions of evaporation prevail. The steam is introduced 
into the tubular cluster of J, causing the boiling of the juice with 
which it comes in contact, and the resulting vapors escape through 
the large upper tube 7’, passing to the tubular cluster or calandria 
of IJ. Here the juice coming in contact with the tubes is again 
caused to boil, and these transformations continue from com- 
partment to compartment. In the triple effect the vapors of 
the third compartment are sent to the condenser, in which the 
air pump creates the desired vacuum. The waters of conden- 
sation are removed from the tubular clusters through special 
bottom pipes, as explained under another caption. 

As the juices upon reaching the first compartment undergo a 
partial concentration, the entrance and exit valves are so arranged 


1 Bull. Synd., 32, 723, 1900. 
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that all the juice from the filter presses enters into the multiple 
effect with the least possible loss of time. Furthermore, the ,uice 
in the compartments should retain its constant level, its tem- 
perature and the vacuum in the different compartments being 
regulated so as to allow the juice to be readily drawn from one 
compartment to the next one, the valves being regulated accord- 
ingly. 
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Fic. 45.—Schema of the Working of a Triple Effect. 


Sizes of heating surface.—The installation of the evaporation 
apparatus should be such as to concentrate the juice to the desired 
density under all conditions that any emergency due to irregu- 
larity in the general working of the factory may create. Such 
irregularities, caused by the widely different kinds of work re- 
quired of the evaporating appliances, can never be entirely obviated 
in practical work. They are due to certain features of the manu- 
facturing process, such as the variable volume of vapor used 
during the different phases of graining in pan; furthermore, the 
juice obtained from the diffusion battery never has a very regu-- 
lar composition; sometimes the volume of juice removed is irregu- 
lar, owing to interruptions of the working of the slicer, or to an 
irregular circulation in the battery; then, again, the carbonata- 
tion may be more or less rapid, or the flow of the filtrate from 
the filter presses may be irregular. 

In other words, there is frequently an accumulation of juice, 
for which the waiting tanks would not have sufficient capacity 
if the evaporation in the multiple effect were not calculated upon 
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a basis allowing for an average volume of juice. It is desirable 
to allow for heating surface greater than that actually needed, 
as determined by calculation: first, for momentarily abnormal 
work, for which an increase of 10 per cent is about right; second, 
to obviate a reduction in the heat transmission which may be 
due to different causes. 

Among the causes which influence the evaporation in the 
last compartment may be mentioned the viscosity of the con- 
centrated juice, which condition obstructs the passage of the 
steam bubbles, the greater weight of the juice, owing to its con- 
centrated condition, which influences the boiling temperature, 
in that it retards the transmission of heat through the tubular 
cluster, and the greater volume of vapor acting as a heating medium. 
Another fact not to be overlooked is the exceptional thickness 
of the deposits upon the tubes which necessarily causes a reduc- 
tion in the transmission of the latent heat. These facts explain 
why, apparently, the last compartment should have a consider- 
ably larger heating surface than the others of the series. 

On the other hand, there are factors which have an important 
contrary influence. The juice upon entering the first compart- 
ment must be heated to its boiling point, but when passing to the 
next compartment the amount of heat the liquid has stored up 
is greater than that which corresponds to the lower pressure that 
prevails in the following section; this excess of heat is liberated 
at the moment the juice enters in the latter and there follows a 
greater evaporation. All facts considered, less water need be evap- 
orated in the last compartment of a triple effect than in the first 
and, therefore, in most cases the same heating surface is given to 
this compartment as is allowed for the first. 

An idea that has for a long time been in vogue is that the 
size of the compartment should increase in direct ratio with the 
increasing prevailing vacuo. As the vacuum increases the volume 
‘of the vapor increases. The number of molecules directly in 
contact with the heating surfaces of the tubes evidently decrease 
in the same proportion, and such being the case the coefficient 
of transmission for a unit of fall of temperature decreases with 
the expansion of the steam. Consequently, if it is desired to 
obtain the same transmission of heat between the various com- 
partments it necessarily follows that their respective heating 
surfaces must be proportionately increased. In 18811 this ques- 
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tion was discussed in a special monograph, and it was pointed 
out that in order to maintain the same fall of temperature in the © 
different compartments of a multiple effect, it is necessary to 
- give them a heating surface proportionate to the volume of vapor 
that is constantly increasing from the first to the last compart- 
ment of the multiple effect. 

According to JELINEK! the progressive increase in the heat- 
ing surfaces of the compartments has no special advantages, for 
the reason that the coefficient of heat transmission becomes smaller 
and smaller, and the efficiency of the compartments per square 
meter necessarily decreases in the same proportion, which means 
that their hourly evaporating capacity becomes less as the evapor- 
ating progresses. The RivuiEux calculations show that in a 
standard evaporating appliance the three compartments should 
have the same diameter, and Horsin-Drton held the same view. 
The most advanced theories, such as CLAASSEN’S,? recommend 
the reversal of the order of these dimensions. According to this 
authority 3 the coefficient of transmission of heat increases propor- 
tionally to the fall of temperature in the apparatus. The augmen- 
tation of the coefficient for 1° C. fall in temperature was hardly 
perceptible in the limits within which the experiments were made. 
This increase, however, becomes still smaller when the fall of 
temperature is greater. The coefficient of transmission of heat 
augments with the increase of the temperature of the steam used 
in heating and that of the liquid being boiled. For steam heat- 
ing temperatures higher and lower than 100° appear to act very 
differently. From what has been said it is evidently desirable 
to increase the coefficient of transmission in the last compart- 
ment of the multiple effect. 

The available methods for increasing the heat transmission in 
this section are to increase the fall of temperature and to maintain 
a boiling temperature that is not too low, 7. e., to maintain a moderate 
vacuum. If the vacuum is raised above 60 cm. of mercury the. 
fall of temperature will increase considerably with each additional 
centimeter of vacuo; but it would appear that under these conditions 
the coefficient of heat transmission decreases more than that which 
can be gained by increasing the fall of temperature. Therefore, it 
is useless to push the vacuum much above 60 cm. As such a vacuo 
is difficult to reach, unless one uses large volumes of cold water 


1B, Z., 15, 98,1890. ?J.d.f.d.s., 35, 21,1894. *Z., 52, 373, 1902. 
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and air pumps working in a very thorough manner, the general 
expert opinion appears to be that the limit mentioned is the best. 

Another mode of increasing the efficiency of a multiple effect 
is attained by increasing the total fall of temperature of the system, 
but, as the final temperature cannot be lowered beyond the limit 
corresponding to a 60 cm. vacuum, it becomes necessary to increase 
the temperature of the vapor used for heating, the fall of temperature 
then becoming greater for each compartment. The division of the 
total fall should be so arranged that the lowest admissible fall of 
temperature occurs in the first compartments, the remainder of the 
fall occurring mainly in the last compartment, where the evaporation 
reduces the juice to a syrup. Asaresult the heating surface of the 
first compartments of the series should be increased as the fall of tem- 
peratur decreases, so that the desired volume of water may be 
evaporated from the juice, while the heating surface of the last com- 
partment, for the concentrated juice, could be comparatively small. 

The basis upon which the heating surface of a multiple effect is 
calculated depends upon the coefficient of heat transmission. The 
following data according to CLAASSEN may be considered as averages: 

In a quadruple effect, in the first compartment and in the pre- 
evaporator, 40 to 50; in the second compartment, 30 to 40; in the 
third, 20 to 30; and in the fourth, 10 to 15. In a triple effect, in 
the first compartment, 40 to 50; in the second, 30 to 35; and in the 
third, 12 to 15. The essential condition for using these figures is 
that the multiple effect in question be properly combined and 
carefully handled. 

Limit of the theoretical efficiency of a multiple effect.—In 
theory one kilo of steam will evaporate 3 kilos of water in a triple 
effect, 4 kilos in a quadruple effect, ete. Consequently, the efficiency 
apparently increases with the number of times the vapors are utilized. 
As a matter of fact there cannot be any gain in the efficiency of a 
multiple effect by introducing another compartment, but a saving 
in the quantity of steam used. For an equal heating surface the 
efficiency of an evaporating apparatus is inversely proportional to 
the number of compartments, consequently, there is a rational limit 
to the subdivision which must not be exceeded on account of the 
cost of the apparatus for a given efficiency. Furthermore, it is 
necessary that the temperature of the vapor of one compartment be 
high enough to boil the juice in the following compartment of the 
series, and that there prevail sufficient difference between the 
temperature of the heating vapor and that of the juice being boiled. 


76 BEET-SUGAR MANUFACTURE. 


The steam used for heating in the first compartment is gene:ally 
at 115° C., in the last compartment the syrup is at 55° C, thus 
leaving a margin of only 60° C. This total fall of temperature can- 
not be fractionated indefinitely; on the contrary, for each of the 
compartments there is a minimum limit for this fall under which 
it is no longer possible to obtain a rapid evaporation, even when 
the heating surface is increased. Experience shows that in the 
first compartment, where the juice is boiling at 100° or more, the 
fall in temperature cannot be below 5° to 7° C., in the middle 
compartment not less than 7° to 10°, and in the last compartment 
where the juice is reduced to a syrup not below 15° C. 

It follows that the fall of temperature cannot be divided into 
a very great number of fractional parts. A sextuple effect may be 
considered as the extreme limit of the number of compartments in 
which it is desirable to work a multiple effect in sugar factories. 
The utilization of exhaust steam in an apparatus of this kind offers 
many difficulties, according to CLAASSEN, and, even the quintuple 
effect is not altogether practicable, so that the triple or quadruple 
effects are the types generally used. In many cases the triple 
effect continues to be in vogue. A triple effect with 300 sq. m. of 
heating surface will have the same evaporating efficiency as a 
sextuple effect with 600 sq. m., so that by increasing the number of 
compartments the total area of heating surface exceeds all rational 
proportions. A simple calculation shows that the resulting steam 
economy does not compensate for the extra expense of these enor- 
mous evaporating appliances. Following tabulated calculations 
herewith make this fact very evident. A glance at this table shows 
that even after a quintuple effect the economy is excessively small. 


Stram Economy EFFECTED BY INCREASING THE NUMBER OF COMPARTMENTS. 
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Double compartments.—Sometimes the compartments should 
be made of gigantic size in order to meet the efficiency of the factory. 
Furthermore, in some special working methods, a portion of the vapor 
is drawn off from the first compartment or the second compartment, 
which demands that the vapor chamber be of an exceptional size to 
meet the requirements, and the ultimate result is that their construc- 
tion offers great difficulty, especially in the case of vertical effects. 
Some shops prefer to resort to double compartments combined 
together and acting just as a single. Those double compartments 
should have a total heating surface as large as if there existed but 
a single compartment, and the evaporation is to be conducted as a 
standard apparatus with the same fall of temperature. According 
to CLAASSEN it is not rational in such cases to introduce into each 
compartment the juice and the vapor used for heating, by drawing 
it as is customary from the preceding compartment of the multiple 
effect. He advises to combine them so that the juice first enters 
into one section of the double compartment through a large pipe 
placed at the bottom, and then through the second one,‘while the 
steam passes also through both the heating chambers of the double 
compartment one after the other, but in an opposite direction to that 
of the juice. By this arrangement the efficiency of the multiple 
effect is increased, and its practical working kept under constant 
control, for the reason that the regulation of the height of the 
juice in the first chamber will at the same time control the level 
of the juice being concentrated in the other section of the 
apparatus. 

Increasing the heating surfaces.—The splicing of the evap- 
orating compartments of a multiple effect is a plan adopted 
to increase the heating surface of the standard vertical evap- 
orators. This difficulty is overcome in another way by the 
LILLIE mode, as shown in Fig. 46. The apparatus consists of 
two portions, the upper and the lower, and between these 
‘semi-cylindrical sections two vertical plates of a length corre- 
‘sponding to that of the apparatus are introduced, between them 
being placed the necessary number of tubes to produce the de- 
‘sired result. It is to be noted that this method could not be 
applied to the standard horizontal evaporators, as the level of 
‘the juice above the tubes plays an important réle. The same 
may be said of vertical evaporators, in which it is proposed to 
increase the heating surface by leaving a greater space between the 
tube plates, which means the use of longer tubes. There are 
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limits as to length of tubes that should not be exceeded. The 
longer the tubes the greater will be the force with which the juice 
will be projected, owing to the dilatation of vapor produced, 
and the entrainement necessarily increases 
in the same proportion. Practical experi- 
ence appears to show that two meters 
in length is the extreme desirable limit. 
The increased efficiency that could be 
obtained in such cases is not more than 
40 per cent, while by the Littiz mode 
the heating surface may be increased 
100 per cent. For the horizontal 
evaporators another solution presents 
itself. 

An evaporating apparatus of the 
GREINER! model consists of a series of 
elements in box shape, very much the 
same way as shown in Fig. 55, which are 
bolted together one alongside the other, so 
that the size of the appliance may be 
increased. Hach end part has a metal 
plate that closes the apparatus, and each 
Fic. 46.—Li.iin’s Mode element has a separate tubular portion, 

oie ee gaee Heating which may be made to connect in one 
series. All the pipes through which the 

vapors escape start from the top of these elements and finally 
connect in one common pipe, which leads into the next compart- 
ment of the multiple effect or into the condenser. 

Description of different types of multiple effect.—In Fig. 47 
is shown the Cait type of a vertical triple effect, consisting of three 
compartments, A, B, and C. Steam is introduced into the appa- 
ratus through a and passes into the calandria or tubular cluster, 
and the juice is drawn into the first compartment through d. 
The vapors liberated by the boiling of the juice pass through the 
sugar arrestor, J, and then through D into the six pipes, b, which 
distribute it to the tubular cluster of B. The juice is drawn 
from A into B through the pipe d’, the resulting vapors pass through 
the sugar arrestor, J’, and through # into the six distributors, c, 
of the third compartment. The syrup enters into the section, C, 
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through the pipe d’’. The resulting vapors pass into J’ and G, 
and then into the condenser, while the condensed syrup is drawn 
off from the apparatus by a special pump through 0, n, m, p. 

The condensed water is removed from each of the tubular 
clusters through the pipes, 7, k, l, from which it enters the purger or 
the ammoniacal water pump. The non-condensed gases are allowed 
to escape into the open air through the cock, g, from the first com- 
partment where the pressure is greater than the atmospheric 
pressure, while from the other compartments they escape through 
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Fia. 47.—Caiu Triple Effect. 


the pipes, 7, which are all connected with the large horizontal pipe 
between the valves F and G leading to the condenser. The two 
valves in question allow the first two compartments to be used as 
double effects, the vapors of the second compartment being sent to 
the condenser, leaving the third compartment out of the series 
entirely. 

When it is desired to isolate the apparatus for the purpose of 
cleaning it the valve G should be closed, the valve F should be 
opened in the direction of the condenser, and all communication 
cut off between the second and third compartments by the pipe EH. 
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The pipes, /, /’ and //’’, will carry the exhaust steam into the interior 
of the calandria through the pipes, u, so as to thoroughly rinse and 
clean them when needed. The first compartment cannot be ~ 
cleaned in this manner. The apparatus may be emptied through 
the valve q before cleaning. The interior of the juice chambers 
can be rinsed in the same way by means of the tubes w’’. 

In Fig. 48 is shown the manner in which Riuireux handled 
the condensed waters of triple effects. Into the first compartment 
are sent the vapors collected in K, and the waters of condensation 
of this receptacle run into H. In the tubular cluster of J are also 
sent, through G and D, the condensed water and a small quantity 
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Fic. 48.—R1LiL1eux’s Combination for Condensed Water. 








of steam at a high pressure from the coils of the vacuum pan. 
When the triple effect is not working this condensed water and 
steam returns into H by Gand EH’. The condensed water from the 
first compartment passes through the pipe H and the valve F into 
H. The ammoniacal waters of the second and third compartments 
are drawn off by the ammoniacal pump, N, from a special RILLIEUXx 
purger J described under another caption (Fig. 33). The run of 
the vapors through the apparatus is like that in most multiple 
effects when working under normal conditions; they pass from J to 
IT, then produce vapors that pass into IZ, which vapors pass into 
the condenser, M, connected with the air pump. 

It is interesting to examine the Brunswick type of triple effect 
of most simple construction shown in Fig. 49. The vertical com- 
partments, J, IJ, and JJI, are of sheet iron. Steam is introduced 
through S into the tubular cluster 7’, in which a large central pipe 
is placed to facilitate the circulation of the juice. The small pipes, 
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a, remove the ammoniacal gases at four different spots of the tube 
plates, the drawing off of these gases being regulated by the cocks, 
a’ and a’’, shown outside of the two compartments JJ and I/J. 
_ The non-condensed gases are thus carried into the tubular cluster 
of II, where the steam carr ed forward may abandon a portion of 
its heat. The vapors liberated in J pass into A and the catch-all 
H, and down through A’ into the calandria of IJ. The vapors 
from // run in the same way into J/I, from which they pass through 
C to the catch-all H’” and then into the condenser. The pipe 
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Fic. 49.—Brunswick Triple Effect. 


through which the juice enters J is not shown in the drawing; but 
it passes from I to IJ and from JI to III respectively through J’ 
and J’’, and the pipe J’” takes it to the syrup pump. ‘The con- 
densed water is drawn off through the pipes commencing with the 
exit opening c’ and c’’. This apparatus has thermometers, 1, 
juice levels, g, butter cups, b, and vacuum gauges, V. ‘The pipes, 
r and r’ and 7’, are for the return of the juice held back by the 
catch-alls H, H’, and H”’. 

In Fig. 50 is shown the horizontal arrangement as suggested by 
WELLNER and JELINEK, which has many interesting characteristics. 
The compartment, J, is heated with two kinds of vapors, one at 
low pressure (exhaust steam) and the other at high pressure (live 
steam). Each of these vapors enters into separated portions of the 
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tubular cluster of the first compartment. The live steam enters at 
g, and the exhaust steam by / and the valve h in the tubular cluster; 
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Fic. 50.—Triple Effect, WELLNER and JELINEK Horizontal Type. 








ee are exit air cocks, which are left open when the steam is first 
introduced. At the other extremity these compartments have 
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ammoniacal gas pipes which join A before it distributes its vapor 
into the compartment JJ, and the ammoniacal pipes, b and c, of 
the other compartments are combined in the same manner. The 
_vapors from J/Z run into the surface condenser, then into the 
injector condenser, from which the air pump draws off the non- 
condensed gases. The condensed water from the tubular cluster 
of J, heated by direct steam, passes by the pipe / into the large 
collector y, that receives all the condensed water from the appliances 
heated by means of live steam. The condensed water runs from 
this collector into’a purger which allows it to run into X, used more 
especially to collect_the condensed water from that portion of the 
apparatus J, which works under low pressure and communicates 
with that part through the pipe K bent syphon shaped to obviate 
loss of steam. The condensed waters from JJ and III are collected 
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Fia. 51.—Yaryan Triple Effect, End View. 


in their respective purgers, which through the pipes JJ communicate 
with the ammoniacal water pumps. 

The waters from the second compartment are sent to the 
tank, m, from which they are taken as needed to various parts 
of the factory. The waters from the third compartment are 
run into the tank, n, and from there into the feed-water tank 
with the waters of x and y, to be pumped back into the boilers. 
The pipes, p, p, are used to draw off the non-condensable gases 
that accumulate during the working of the multiple effect or 
when the apparatus is first started. 

The end view of the YaryYAN triple effect is shown in Fig. 51. 
The three compartments are represented by A, B, and C. The 
vapors run from C' through J into the condenser W connecting 
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with air pump O. This apparatus is no longer of special interest 
as the LILLIE evaporator has taken its place. 
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Fic. 52.—General Disposition of the Linim Triple Effect. 
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The Litre triple effect (Fig. 52) is made up as follows: The 
steam used for heating is introduced in front of J, and the result- 
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ing vapors and non-condensable gases pass from the back of the 
compartment to return in front of JJ through A. The vapors 
in this case pass into B in front of JJJ, and back of this compart- 
ment the vapors run into the condenser. The condensed water 
from J runs into JJ by the pipe c, and that from JJ into I/I by c’. 
All this final water is removed by the pipe C’”’. The juice flows: 
from the supply tank into e and by a regulated float box, F’, finds 
its way into the first compartment through the circulating pump. 
The working of F' is automatic—it opens only when the level of J 
is lowered, owing to the passage of a portion of its juice into JJ. 
The pump, J, forces the juice through D to the top of the first 
compartment, from where it flows downward in showers over 
the evaporating tubes. The pump, J, also forces the juice from I 
into the pipe, d, and from there through e’ into the second float 
box, F’. It cannot enter the second compartment until, as in 
the previous case, the level has been lowered in F’. The circu- 
lating pump, J’, then forces the juice through D’ to the top of IJ, 
and when the level in f’” is lowered it will force the juice through 
d’ into e’’, from where it finds its way into the float box, Ff’. The 
pump, J’, continues to force the juice up to the top of J/J, until the 
juice becomes a syrup of a density determined upon in advance. 
The density regulator placed on the pipe, d’’, will not allow the 
pump J” to force the syrup outside of the apparatus until the desired 
density is reached. 

To prevent incrustations in JI the juice may be run into JJJ 
through / and e’’, and then into the pump J”, but when the level 
is lowered in the float box, F’, the juice runs through O, d’, and e’ 
into the compartment JZ. The same conditions prevail in J, 
the juice passing through O’, d, and e. The syrup passes into 0’’ 
and through the pipe ss to the density regulator. In other 
words, this reverse working means that the thin juice is taken 
to the coolest effect and drawn off from the hottest. As has 
been previously pointed out it remains to be seen whether this 
mode of working can prevent the incrustations with beet juices. 

Many efforts have been made to make the evaporating appa- 
ratus more compact, in order to decrease the heat losses through 
radiation, and many combinations have been prepared, but none 
of them remained long in vogue. 

MaRIoLuE-Pinauet’s (Fig. 53) apparatus some ten years ago 
attracted considerable attention. This evaporator consisted of a 
column made up of three sections three meters high, placed one 
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over the other, the bottom of which consisted of three double 
tube plates, H, F', and G. Beneath the lower tube plate, EZ, is a 
cast-iron basin, H, into which is introduced the steam used for 
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Fie. 53.—MARIouLe-PIneuEtT Evaporator. Fic. 54.—MarIou.e- 
PinauEtT Double Tube. 


heating; it penetrates into a series of double pipes (Fig. 54), 
through the central tube, J, and descends in the space left between 
the tubes J and J, escaping between the tube plates a and b. The 


purger R communicates with this space, and only the condensed 


water is removed through it. The space above the level of the 
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Juice fills the same réle as does the basin H for the first compart- 
ment, the resulting vapors heating the second compartment and 
then the third, etc. Special floats introduce the juice into the 
three compartments as the evaporation continues. The appa- 
ratus has a sugar arrestor, Z, and a barometric condenser, N. 
Many difficulties have been found in fastening the tubes to the 
lower plate. The joints of the tubes J and J were fastened in 
the plates (a) and (6), the detail of which is shown in Fig. 54. 
When (d) is tightened the tube J is raised and J lowered. If 
the joints, e, 7, are properly made either of lead or rubber the 
results will be perfect. These tubes may be mounted or un- 
mounted with the greatest ease and may consequently be rapidly 
cleaned. 

This effect upon first examination seems to be very rational 
and it has been frequently imitated. One of the evident objec- 








Fic. 55.—Wirkowicz Quadruple Effect. 


tionable features is the difficulty of keeping the apparatus, con- 
sidered as a whole, under observation, as it necessitates going 
up and down elevaticns of six meters in order to inspect the sev- 
eral working parts. In the MarioLtte PincGurET apparatus each 
compartment receives the carbonatated juice and from each 
there is extracted a concentrated juice. Efforts have been made 
to run the juice from one compartment to the other, circulating 
either from top to bottom or from bottom to top, but in all such 
cases pumps are needed, and they always introduce a new com- 
plication in the working. | 

The horizontal multiple effect of the Wirxowicz type con- 
sists of several compartments, J, IJ, III, and IV, shapes as shown 
in the end view, Fig. 55. The vapors produced in compartment I 
circulate through a sugar arrestor with baffle plates, a, #hen run 
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downward through V along the sides separating J from JJ, II 
from JIJ, etc., into the tubular cluster 7. The juice that has 
been held back in the catch-all returns to J by the pipe (r). The 
compartments JZ and III work in the same way. The vapors 
from JII run into the condenser through C. On the top of each 
compartment are pipes, h, from which are drawn off the vapors 
to be utilized in other parts of the factory. 


CHAPTER LY: 
THE MULTIPLE EFFECT ACCESSORIES. 


Waiting tank for the carbonatated juices.—In nearly every 
phase of the beet-sugar manufacturing processes there is a wait- 
ing tank, and the multiple effect is no exception. As it frequently 
happens that the flow of filtered carbonatation juice is somewhat 
irregular the receptacles under consideration render valuable 
service. The size of the waiting tank should be calculated in 
advance, so as to meet any emergency that may present itself. 
As regards large tanks it may be said in their favor that they 
always allow an important margin in the regularity of the fac- 
tory’s running. But, on the other hand, they have certain objec- 
tionable features which must not be overlooked, among them 
not the least important is the loss of heat, the radiation being 
proportional to the exterior surface of the tank. The vast volume 
of carbonatated juice, thus indirectly exposed to the air, will readily 
ferment, and this always causes decomposition of the sugar and 
consequently losses. The last, but not the least, objection is 
that when the volume of juice in the waiting tanks under con- 
sideration is very large it takes longer to empty all the appliances 
of the factory than when they are smaller. 

These receptacles should have suitable floats, and the level 
variations should be shown on scales plainly visible to the evapor- 
ating man and the man of the filtration station. They should be 
kept very clean, otherwise the germs left from a previous Juice 
which had commenced to ferment would contaminate the fresh 
supply. For the purpose of cleaning manholes should be placed 
in accessible places. Care should be taken to have the outside 
of these tanks covered with some non-conducting material and 
their tops should have suitable covers. Experience shows that 
there are certain advantages in having steam coils or other devices 
for heating in an emergency. 
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Feeding pumps.—When the first compartment of a multiple 
effect is working under a comparatively slight vacuo or under 
a comparatively low pressure the juices may flow directly from 
the waiting tank into the compartment. To accomplish this under 
the best of conditions the tank should be at an elevation of about 
two meters above the bottom of the multiple effect. On the 
other hand, when the pressure reaches a certain point and the 
flow cannot continue under normal conditions, pumps are needed 
to feed the evaporating appliance with the juice to be concentrated. 

The construction of this pump is of no importance, but it is 
essential that it be able to overcome the resistance offered by 
the pressure in the first compartment. WorTHINGTON pumps 
render excellent service, but, unfortunately, as previously pointed 
out, they are not economical in their steam consumption. As all 
such pumps must be readily cleaned they should be easi'y dis- 
jointed, their parts should be simple, and suitable pressure gauges 
should permit one to follow their working. A safety valve is also 
a very essential accessory, as it permits the juices to return to 
the waiting tank when the compartment is full and the inlet valve 
closed. 

Exhaust-steam collector.—The exhaust steam of sugar fac- 
tories is all collected in a special receptacle to be subsequently 
used, as will be explained under another caption. The shape of 
such a collector is of no special importance. Into it runs the 
pipe communicating with the exhaust of all the steam engines, and 
from it runs another pipe which communicates with the multiple 
effect, etc. There must in all cases be suitable pressure gauges 
and safety valves. The safety valves should be regulated so as 
to correspond to the highest pressure admissible for the working 
of the steam engines and with the requirements of the evaporator. 
As a general thing the most desirable pressure is one-half an 
atmosphere. 

As beet-sugar factories are generally located some distance 
from dwelling houses the noise made by the steam escaping through 
these valves is of no consequence, but the sound is sufficiently 
loud for the fact to be taken into consideration, even for the houses 
of the factory’s men. Various means have been suggested to 
overcome the difficulty. The ANncGrersteIn! sound arrestor 
(Fig. 56) consists of a special shaped pipe, B, with a lower branch, C, 





1 Jahrb., 1 and 2, 169, 1863. 
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which is V shaped, with a 50 cm. bend. The vapor or steam 
enters through A and escapes at right angles through the pipe, B, 
which is 5 meters in length. About 40 cm. 
of water collects in C’, and this by its up-and- 
down motion deadens the sound. Another 
solution consists in allowing the steam to 
escape through a long conical pipe rising 
some distance above the roof of the factory. 

The exhaust-steam collector, according 
to Srraus, should be sufficiently large, 
so that the currents created by the differ- 
ent steams collected shall not paralyze 
one another. Evidently there are numer- 
ous advantages in not having them too big, for it is claimed! 
that the exhaust steam direct from the engine still retains 
the pulsation from its source, and is possessed of a greater evapora- 
ting power than a steam would have under normal flow without 
being backed by the motor. In many beet-sugar factories it is 
customary to have a special mixing valve attached to the exhaust- 
steam collectors. The arrangement is such that the live and 
exhaust steam are thoroughly mixed, which is useful in an emer- 
gency, such as occurs when the multiple effect consumes more 
steam than the engines can supply to the collector. Many experts 
claim that this idea is a mistake on account of the caloric that 
is necessarily lost through the expansion of live steam, and to 
this may also be added numerous other arguments. WaALKHOFF 2 
recommends that the live steam be entirely separated from ex- 
panded steam and that the former be used in separate coils beneath 
the heating chamber. Under another caption is shown the 
arrangement that allows this combination. According to Horsin- 
Dion? it is advisable to introduce live steam into the first com- 
partment of a multiple effect and not into the exhaust collector. 
He claims that when exhaust steam comes in contact with live 
steam the former becomes superheated and will not readily con- 
dense. The reverse is the case when they are separately intro- 
duced into the evaporator. Just within what limits this theory 
is correct must be determined by practical experiments. It is 





Fig. 56.—ANGERSTEIN’S 
Sound Arrestor. 


1 Archief., 3, 222, 1895. 
2 WaLKHOFF, Ruebenzuckerfab. IV, 2 156, 1872. 
3 Horsin-Dton Traité Il, pp. 515 and 587. 


92 BEET-SUGAR MANUFACTURE. 


always desirable to give a slight slant to the pipe that carries 
the exhaust steam to the collector, so that the condensed water 
may flow easily into the receptacle. Experience shows that it is 
always desirable to have several extra flanges upon the exhaust 
steam collector, which may be used in case any changes are made 
in the general plan of the factory’s working. Under all circum- 
stances precautions should be taken to give the collector a suit- 
able non-conducting covering. 

Syrup pumps.—Some years ago it was customary to draw 
the syrup from the multiple effects into sheet-iron receptacles 
from which the air had been removed. When the tank was full 
air was introduced and it could then be emptied into a syrup 
waiting tank, from which it was pumped to the next station where 
the manufacturing process was continued. It is to be noted 
that this arrangement, which is very simple, had certain objec- 
tionable features. A man was needed to give it his especial atten- 
tion; the air removed passed through the condenser, and this 
was always followed by a decrease in vacuo; furthermore, there 
was no possibility of keeping a constant level of the syrups in 
the third compartment, and this intermittent drawing off caused 
numerous perturbations in the multiple effect. 

The mode of using receptacles for the extraction of the con- 
centrated juice has now become obsolete, for the reason that the 
syrup cannot be drawn from them continuously. From every point 
of view preference should be given to pumps, as by their use the 
drawing off may be done without interruption, which facilitates 
the regular maintenance of density. In order to overcome the 
vacuum of the apparatus experience shows that the pumps should 
be placed at the lowest possible level, under which circumstances 
the column of juice compensates, at least in a measure, for the 
action of the vacuum. 

Ordinary pumps with double valves are generally used for 
pumping the semi-concentrated juice from the next to the last 
compartment of the multiple effects into the sulphuring appliances. 
On the other hand, for syrups the pump should be of some improved 
design in order to overcome the vacuum in the last compartment, 
as perturbations are frequently caused by the valves becoming 
motionless under the influence of the vacuo—hence the importance 
of using balanced valves in force pumps. One of the best com- 
binations of this kind is the double-acting pump of HUBER and 
ALTER (Fig. 57). When the piston, ZH, works from left to right in 
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the cylinder D, the rubber valves, A, are working under suction 
and the juice enters the pump by the pipe, z. To assist this suction 
a small valve, C, opens and places the pump in communication 
with the last compartment of the multiple effect. During the 
back stroke the valves, A and C, will close and the syrup will be 
forced out through the valve, B, and the pipe, G. The pump is 
double in its construction and the arrangement is duplicated on 
the left and right sides. ‘The closed receptacle, J, full of air, com- 
municates with G and G’, thus forming an air cushion to regulate 
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rig. 57.—Htser and ALTeR Syrup Pump. 


the back pressure. The force pipe may be emptied through a 
special cock in case the pump is not working satisfactorily. 

In many factories some good results are obtained with the 
piston plunger for syrups, but the packing of these soon gets out of 
order and the pumping efficiency is lessened. In such a case, 
instead of attempting to excessively tighten the packing, a few 
drops of water along the outside of the plunger may be used to in- 
crease the tightness. 

The Neumann! (Fig. 58) vacuum reducer has met with a certain 
vogue. It consists of a receptacle, c, with a float, m, acting on a 
small valve, a, and closing the pipe, e, which communicates with 
the last compartment and creates the vacuum in the apparatus. 
The vacuum falls in consequence of syrup being introduced, but, 


ED. 2:13, 20, 18, 1900, 
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on the other hand, it increases owing to the suction through the 
pipe, f. The vacuum in the apparatus can never fall below a 
certain limit, and at that instant the suction is the most satisfactory ; 
but as soon as a certain quantity of syrup has been drawn off by 
the pump the float will open the pipe connecting with the vacuum 
and allow the syrup to enter until a point is reached when the float 
will reclose the valve. 
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Fig. 58.—NEUMANN’S Vacuum Reducer, 


It may happen that for special reasons the syrup pump will 
cease working and the sound then made gives some indication as to 
whether the valves are stuck. This difficulty may be overcome in — 
various ways, but the most simple and effectual consists in drawing 
a certain quantity of air under the valves through specially arranged 
cocks. Inefficiency may be due to the valves being broken or to 
deposits on their seats. 


CHAPTER V. 
CONDENSATION. 


ForRMERLY, when the double-effect combinations were used, only 
a small quantity of vapor was utilized either for heating or graining 
in pan and a considerable volume was condensed. The amount of 
steam that finds its way to the condenser under existing methods 
is comparatively small. Whenever one reheats the vapors are 
evidently condensed, and the reheaters and graining apparatus 
should be considered as condensers for the evaporation. When the 
term condenser is used in sugar technology it generally means con- 
densers with injection, whose sole object is to condense the vapors. 

The removal of the vapors liberated from the last compartment 
of an evaporating appliance may be effected in two ways: first, 
by the use of an ordinary condenser connected with a moist-air 
pump removing at the same time the injection water, the con- 
densed water, and the gases that have not been condensed; second, 
by means of a barometric condenser connected with dry-air pump, 
which removes only the gases that have not been condensed, while 
the condensed water and injection water freely evacuate at the 
lower end of the barometric column of the condenser. 

Total steam to be condensed.—CLaassEN calculates that with a 
multiple reheating of the juice with vapors of evaporation, and the 
evaporation in a quadruple effect of 100 kilos of water for 100 kilos 
of beets, only 10 kilos find their way into the condenser. It 
necessarily follows that the caloric contained in these vapors to be 
condensed is lost, and efforts continue to be made to find some 
practical mode of reducing the loss to a minimum, one of which is 
the use of tubular reheaters through which these vapors circulate, 
thus transmitting at least a portion of their heat to water, juices, 
etc., which may be used during some subsequent phase of the sugar 
extraction. In these reheating appliances a condensation neces- 
sarily takes place, which is that much less work to be accomplished 
in the condenser proper. The 90 kilos remaining are condensed 
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either on the heating surfaces of the evaporating appliances, 
vacuum pans, or reheaters, and are recovered in the form of nearly 
pure water, containing a fraction of ammonia. 

Besides the vapors from the multiple effect there remain to be 
condensed those from the vacuum pan. After the syrups leave 
the effect and enter the pan there must be removed 10 to 15 kilos 
of water for 100 kilos of beets sliced. The evaporation in pan 
differs from that in the last compartment of the multiple effect in 
that the operation there is regular, while in the vacuum pan it is 
very variable. Such being the case, the installation of the con- 
denser must not be calculated upon a basis of average evaporation, 
but upon the maximum volume of steam to be condensed at a given 
moment. 

The condensing installation consists mainly of the injecting 
condenser and an air pump. Besides these there are a few other 
appliances, such as the apparatus supplying the water, and those 
which permit this water to be again used in the factory when there 
is a scarcity. 

Condenser.—With the exception of surface condensers— 
already described under the caption Reheaters—the shape of 
the condenser depends almost entirely upon the type of air pump 
used in connection with it. There are many combinations and 
the actual variations are based upon the manner in which the water 
of condensation comes in contact with the vapors to be condensed. 
Most of the existing combinations possess some characteristic and 
rational feature. Only a few of them can be mentioned here. 

It is generally admitted that these appliances should have interior 
arrangements by which the contact of the injected water and 
vapors occurs on the largest surface and during the longest period 
possible, and it is also desirable to use counter currents to force the 
water and the vapor to flow in opposite directions, thus cbtaining 
a maximum condensation with a given volume of injected water. 
However, the arrangement generally used to effect a perfect con- 
tact presents certain difficulties not easily overcome in practice. 
Upon general principles it may be said that the passage in the 
diaphragms of a condenser should be such that the pressure exerted 
upon the descending waterdrops by the rising steam will never 
exceed their weight. EHRHARpDT! declares that it is a great mistake 
to arrange a condenser with baffle plates and perforated disks. He 


1C., 8, 770, 1895. 


a 


CONDENSATION. 97 


maintains that even in the most primitive type of condensers water 
is absolutely pulverized and possesses a large surface of contact, 
without the necessity of making use of many of the modern 
appliances in which the diaphragms soon become covered with lime 
deposits, especially when the water used is charged with calcic 
salts, 

According to Wetss! there is no necessity for any appliances 
distributing or sprinkling the water of injection in the counter- 
current injectors. As soon as water is more or less subdivided 
the object in view is realized, especially when the water is cir- 
culating at a certain velocity, for there then follows sufficient 
motion in the mass of vapor to be condensed and all the particles 
are brought several times in contact with the surface of the water, 
so that the condensation is immediate. The moving water mole- 
cules are constantly. renewed upon the surface; through their 
immediate contact with the vapors they will absorb its caloric 
and return into the mass of liquid permitting other water mole- 
cules to reach the surface. 

The gas that will not condense consists mainly of air, and con- 
tains a certain volume of watery vapor which escapes the action 
of the injected water. Do what one may, the air cannot be done 
away with by condensation; but it is possible to considerably 
reduce the volume of non-condensed gases by the contact of the 
vapor with cold injection water. In order to accomplish this the 
condensers should have sufficient capacity and be established upon 
a rational basis. According to CAMBIER,? while no rule can be 
given as to the most desirable capacity of a condenser, it should, 
upon general principles, be made large, so as to.avoid an accumu- 
lation of non-condensed vapors when the piston is at the end of 
its stroke, and consequently when its velocity and its efficiency are 
reduced. 

Parallel-current condensers.—These are still used in some 
factories where moist-air pumps are in vogue. The water and 
the non-condensed vapors are drawn into the cylinder at the 
same time. The most simple forms of condensers are used, con- 
sisting usually of a cast-iron cylinder. The vapors introduced 
on top are condensed by coming in contact with cold water pro- 
jected from a spraying device, which has the objectionable feature 
of becoming clogged and after a time ceasing to give satisfaction. 


1 Weiss, Kondensation, p. 83, 1901. 78. I., 41, 291, 1893. 
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In order to give the vapors a longer time to condense the water 
should have a considerable run in the condenser by passing over 
a series of steps as a cascade. In the parallel current con- 
densers the hottest vapor comes in contact with the coolest 
water, yielding up its calorie to the water, and upon reaching 
the bottom the temperature corresponds nearly to that which 
would result from a mixing of water and vapors. In these types 
of condensers it is impossible to ascertain how the apparatus is 
working and whether a poor vacuum is due to a faulty distribu- 
tion of the water, or to some defect in the multiple effect, etc. 
In most cases the air pump has not the efficiency expected of it, 
and does not exhaust from the condenser the comparatively hot 
non-condensed gases. 

The arrangements or combinations that have come in vogue 
from time to time have been most varied, and the variations are 
such that a complete description of them would carry us beyond 
the limits of the present writing. The JELINEK type (Fig. 59) 
has held its own and should be described. It consists of two 
concentric cylinders, A and B. The outer one has a cover. with 
an upper opening D, through which the vapors to be condensed 
enter. The inner compartment has a series of partitions, C, form- 
ing with the disks, H, alternate obstructions to the descending 
water. These are circular and are held in position by a vertical 
bar. The water is injected through F into the annular space, 
and rises to the upper level of the cylinder, B, into which it over- 
flows through G. Through this same opening pass also the vapors 
to be condensed. The water falls from the baffle plates to the 
bottom of the apparatus, and during its fall is brought in contact 
with the steam or vapor which continues its flow as shown by 
the arrows. The products of condensation and the gases that 
cannot be condensed are drawn off through H. 

Another type of condenser by the same inventor (Fig. 60), 
known in France as ‘“ débourbeur,” is of special interest and ren- 
ders excellent service when the water is charged with mineral 
substances which are likely to deposit and form obstructions 
in the condenser and air pumps. It consists of a rectangular 
compartment having an upper tubular orifice, A, for the entrance 
of the vapor to be condensed. The injected water enters at B. 


The lower tube, C, connects with the suction air pump. At regu- | 


lar intervals in this condenser are horizontal partitions with per- 
forations, D, these openings alternating on each horizontal layer, 
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each having a raised border. The mixture of injected water and 
vapor passes over their border and through their section, and 
finally reaches the bottom, depositing its suspended impurities 
during the flow. When the small drawers are filled with deposits 
they may be removed through an opening on the side of the con- 
denser, and replaced by fresh ones. 

In Fig. 61 is shown a parallel-current condenser, as described 
by Haussranp,! in which the water pulverization attains a con- 
siderable extent. The efficiency in this case should be nearly 
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Fig. 59.—JELINEK Fig. 60.—JELINEK’S - Fia. 61.—Spray 
Condenser. ‘“‘Débourbeur.”’ Condenser. 


theoretical. It consists of an iron cylinder, C. The vapor to be 
condensed enters by the pipe, V, and passes through a shower 
of cold water introduced into the apparatus through the valve W, 
and the tube, 7, with upper perforations. The water and non- 
condensed gas escape at LE. 

Counter-current condensers.—The apparatus now generally 
used as condensers are with counter currents. The vapors of 
condensation enter at the bottom and are brought in contact with 
water flowing in on top. When first introduced difficulties occurred 
and condensers with parallel currents came into vogue, but their 
working is not rational. The accumulation of water in the con- 
denser of the counter-current type caused the water to be carried 
by entratnement into the air pump. This difficulty has been 
overcome by simply giving to the condenser a greater height, using 


1 HAUSBRAND, Evaporating, p. 210, 1903. 
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dispersing appliances made up of perforated sheet iron, etc., for 
the water. Counter-current condensers made in this manner 
work without perturbation. These apparatus give general satis- 
faction, for the reason that when sufficient cold water is injected 
a vacuum of about 60 cm. can easily be produced which gives the 
best results. As already explained, there is no need, for the pur- 
pose in view, to exceed this limit, which gives satisfaction both 
in the multiple effect and in the vacuum pan. 

Upon general principles it may be said that for all heating 
and cooling appliances the combinations should have opposite 
currents. The cooling medium in this case may flow off at a 
temperature only a fraction lower than the highest temperature of the 
product to be cooled. In parallel currents the cooling fluid runs” 
off at a temperature corresponding to the lowest temperature of the 
vapors being condensed. The consumption of water for counter- 
current condensers is very much less than for parallel currents, 
and this is a very important fact to consider in case of scarcity 
of water in a sugar plant. To which consideration may also be 
added the very important issue of less power being needed as 
less water is pumped into the condenser. What is especially 
interesting regarding the effects of condensation by the two modes 
is that their efficiency depends upon the quantity of non-con- 
densed gas held in suspension. The smaller their volume the 
less will be the difference between the quantities of water needed 
to obtain the same vacuo when comparing parallel- with counter- 
current condensers, while if there were no non-condensable gas 
the water consumption would be the same in both cases. 

In the case of counter currents one may always be sure that | 
the cooling action of the water used is satisfactory when the tempera- 
ture of the exit flow corresponds to the existing vacuo in the multiple 
effect. In this arrangement the coldest water first comes in contact 
with the vapors that are reaching their limit of condensation. 
During its circulation the water increases in temperature and 
reaches its maximum when coming in contact with the vapors upon 
their entering the apparatus. The arrangement of the diaphragms 
is generally such as to bring about a cascade of the down-flowing 
water, or by means of simple perforated sheet-iron disks to allow 
the cooling liquid to drop through, but in such cases precaution 
must be taken to prevent clogging by deposits-of particles in 
suspension, this being done by the use of wire cloths. Wetss? 


1 Weiss, Kondensation, p. 83, 1901. 
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points out that the most primitive condensers give an excellent 
vacuum, for the reason that the time needed for condensation is 
very short and all complicated devices or combinations are un- 
necessary. 

In the ScHuLTzE condenser (Fig. 62) water is subdivided so 
as to fall as a shower. The vapors to be con- 
densed enter the apparatus, K, through the 
lateral pipe, B, and a first cooling is effected 
when they come in contact with cylinder, C. 
Thev continue a downward course and enter 
the interior of C at P, rise and come in contact 
with the water shower, during which period 
condensation occurs. Water is introduced 
through the pipe, W, and after reaching the 
perforated disk, N, passes through small pipes 
fixed in the disk, which act as overflows, their 
height depending upon their distance from the 
centre axis of the distributing plate. Under *!* ea 
these conditions the shower represents a con- 
siderable condensing surface, even when there is very little water. 
The non-condensed gases are drawn off by the air pump through 
the pipe, L, and the condensed vapor and water run off at F. The 
general arrangement of this apparatus permits 
the removal of the disk, N, and even of C—which 
is simply suspended in the condenser—when it 
needs cleaning. 

The GREINER condenser (Fig. 63) is upon 
general principles very much the same in its 
construction as the type just described. The 
vapor enters the condenser, C’, through V, and 
comes in contact with G, rises through the shower 
of water, and thus condenses almost entirely. 
Water is introduced through W, and upon reach- 
ing the top spreads itself out on the perforated 
plate, 7, and showers into the condenser. 
The non-condensed gases pass through the 
perforated plate, and flow through A into 
the water separator S. This is an excellent 
device which prevents the water carried by entrainement from 
reaching the air pump, instead of which it runs off through P’. 
The pump draws off through A’ the air liberated of its water. The 














Fic. 63.—GREINER 
Condenser. 
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arrangement offers especial advantage when there is an accumulation 
of water upon the sieve, 7’, which may be due to clogging by the 
deposits either of particles in suspension 
or of the lime held in solution. The 
cleaning may be done through the 
manhole, M. It is desirable in such 
cases to have an extra perforated plate, 
one being placed in position during the 
cleaning of the other. 

In the Knrruer condenser (Fig. 64) 
water is introduced at 1, enters into the 
water turbine, 2, and is projected as a 
fine spray against the sides of the ap- 
paratus; it collects in plate 4 and flows 
upon 3, from which, owing to its rotating 
motion, it is projected, etc. The motion 
of all the revolving portions, 3, is re- 
ceived from the turbine, 2. Water thus 
is repeatedly pulverizated from top to 
bottom of the apparatus, and runs: off 
through the barometric pipe, 7. The 
vapors to be condensed enter at 6, and 
passing by 10 through the condenser rise 
successively through all the strata of 
water and condense. The non-condensed gases are drawn off 
through 5 by the air pump. The efficiency of 
the turbine, 2, is regulated by a lever placed 
on top of the apparatus. 

The counter-current condenser of the Sr. 
QUENTIN type, very much used in France, is 
shown in Fig. 65. The injected water enters 
at A, and falls over the obstruction, B, rebound- 
ing from plate to plate to the bottom of the 
apparatus. During these successive falls it 
meets and condenses the vapor from the 
multiple effect which enters at C and is drawn, 
as shown by the arrows, toward the central Tia. Sc Sn Oren 
tube, D, forming part of the horizontal piping, tin Counter-cur- 
E, which connects with the air pump. The ‘e2? Condenser. 
condensed water accumulates at the bottom and runs off through 
the continuation of D and E into the suction chamber of the pump. 





Fic.64.— Kerrier Condenser. 
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The ScuwaGeEr (Fig. 66) type of condenser has met with some 
favor, and consists of a vertical cylinder, C, in which is attached 


upon an angle iron support, H, a vertical 
pivot, D, holding segments of sheet-iron 
circles, placed one over the other in the 
form of spiral steps. Cold water from a 
reservoir, A, is introduced at b, and dis- 
tributes itself successively upon all the 
plates, 7, forming a-perfect cascade from top 
to bottom. Itis evident that the efficiency 
of this arrangement by which the surface 
of water is brought in contact with the 
vapors entering the apparatus at V is very 
satisfactory. The water and condensed 
vapors run off at P, and the air escapes at 


























fig. 66.—ScHWAGiR 
Condenser. 


E# in the direction of the pump. The plate, F, prevents any 


water entrainement. 
warm water may be drawn up through 6 and allowed to enter 
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In case of an insufficiency of cold water 


_the apparatus through the pipes, 
b} and b?, resulting in a subdivided 
condensation. This warm water 
condenses an important part of 

_. the vapors. The condensation is 

~ completed upon reaching the 

upper layers of cold water. 

: In Fig. 67 is shown the method 

eas of combining a moist-air pump 

A with a counter-current condenser. 

It is well understood that in 
such cases the non-condensable 
gases and the water should leave 
the condenser separately. By the 
SCHIFFNER ! method the air is re- 
moved from the condenser through 





= the pipe, C, and the condensed 


water through the pipe, H. These 


Fic. 67.—ScuirFNer’s Combinationare combined in the pipe, B, 


of Moist-air Pump with a Counter- before entering the air pump, D. 
current Condenser. : 


In this case water is injected 


through W, collects in a basin, and gradually overflows into a series 


1Oe.-U. Z., 17, 761, 1888. 
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of shallow troughs placed one over the other. The water flowing 
from one step to the other forms a sort of curtain through which 
the vapor to be condensed must pass in order to reach the top 
of the apparatus. It seems, however, that the gases upon their 
mixing in the air pump with this hot water would expend and 
reduce the efficiency of the pump. 

To increase! the efficiency of parallel-current condensers the 
vapors, in some cases, upon leaving that apparatus run through a 
counter-current condenser which completes the*condensation or at 
least yields more satisfactory results than would be possible in the 
first-mentioned apparatus. This arrangement is shown in Fig. 68. 
The water of injection is projected in a 
finely divided condition into the interior 
of the condensers, C and Cj, through the 
pipes W and W,. The vapors are intro- 
duced into the condenser, C, through D, 
travel in the same direction as the water, 
and then pass into the counter-current 
injector, C;. The non-condensed gases are 
drawn off through EZ. At the bottom of 
each condenser the condensed vapor and 
injection water collect. 

Other modes.— Numerous methods 
have been proposed to reduce as much 
as possible the volume of water used 
during condensation. Many years since 
DEGRAND? proposed that surface con- 
densers be used in sugar factories. Such 
methods would evidently effect an impor- 
tant saving in water and consequently in 
motive power, but would demand costly refrigerating appliances. 
JELINEK proposed that the THrIsmn (Fig. 69) device be used. 
The vapor to be condensed enters through 6 into a tubular 
cluster, /, which is submerged in the refrigerating water. Several 
circular, tin-lined iron disks, e, revolve in the cooling liquid and 
carry on their surface a thin layer of water. On these disks air 
is circulated by the fan, k. The evaporation of a portion of 
this water is sufficient to keep the entire liquid very cold. The 





Fic. 68.—Modification of 
Parallel-current Condenser. 


1 Weiss, Kondensation, p. 64, 1901. 
2Piciet, Traité IV, 2, 347, 1878. 
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condensed water from the tubes escapes through c at the same 
time as the non-condensed gases. 













































































Fic. 69.—THEISEN Condenser. 


Barometric condensers.—It has already been pointed out 
that the moist-air pump removes at the same time the water and 
the non-condensed air. On the other hand, the dry-air pump 
removes only the non-condensed gases. Consequently, in com- 
bination with these, there is needed some special arrangement 
by which the enormous volume of water needed for condensation 
may be rapidly carried off. Evidently regular pumps might in 
a manner overcome the difficulty, but experience shows that 
there are numerous advantages in adopting mechanical means 
which are more economical and equally satisfactory. For this 
purpose the so-called barometric column is_ utilized. 

It is a well-known fact that if a pipe of sufficient diameter 
and length passes from the bottom of the condenser into a tank 
of water at a depth of 10.83 meters, by removing every particle 
of air in the interior of the apparatus the pressure in the condenser 
will be reduced by a quantity corresponding exactly to a column of 
10.33 meters of water, and the water from the tank below will rise 
to the upper part of the tube and thus represent one atmospheric 
pressure. Any volume of water introduced into the condenser 
will run out from the bottom of the tube in quantities correspond- 
ing to that added, and the upper level will consequently always 
remain the same. Evidently one of the essential conditions 
for the satisfactory working of the barometric column is that 
the degree of vacuum in the condenser remain constant, other- 
Wise some perturbations would necessarily follow. The non- 
condensed gases must be removed, or they would accumulate and 
exert their pressure, and the equilibrium between the inside and 
the outside of the tube woud no longer exist. Efforts have been 
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made to demonstrate that the work expended in pumping the 
water up to the top of the column-barometric condensers is com- 
paratively small for the results obtained. A simple calculation 
would show that this power is less than that needed to remove 
the water by an ordinary moist-air pump. 

A column-barometric condenser generally consists of a counter- 
current condenser, a barometric tube for the exit flow of water, 





SSNS 
Fic. 70.—Barometric Condenser. 


and an air pump for the removal of the non-condensable gases. 
This kind of condenser was invented by Davis! in 1829. Accord- 
ing to WaLKuHoFF this system was introduced in the sugar manu- 
facture by Borsia.2 The general arrangement is shown in 
Fig. 70. In the last compartment, A, of a multiple effect the 
vapors are directed through B into the condenser, C, which has 


1 Sugar Specifications, No. 5785, p. 39, 1871. 
2 WALKHOFF, Ruebenzuckerfab. III, 531, 1867. 
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an interior casing, D, into which the cold water is injected by 
means of a perforated pipe. The lower portion of C is conical in 
shape and terminates in a long pipe, F’, which is called the baro- 
metric column. The lower portion of this pipe plunges into a 
cistern, G. The condenser, C, toward the upper annular por- 
tion formed by D, has a connection, H, with the pipe, J, of the 
dry-air pump, J. The vapors from A condense in D when coming 
in contact with the injected water, and the resulting condensed 
water falls to the bottom of the condenser and runs through the 
barometric pipe into the cistern, G, having an overflow at K. The 
non-condensed gases liberated from the water of condensation 
are drawn off by the air pump, J, and by the back stroke of the 
piston are thrown into the air. Owing to the vacuum that pre- 
vails in the condenser, C’, the atmospheric pressure acts on the 
surface of the water in the cistern, G, and forces it to rise in the 
barometric column, F', where it is held up to a height, h, this latter 
representing in meters of water pressure the difference between 
the atmospheric pressure and the vacuum existing in the appa- 
ratus, increased by the charge necessary to produce the flow of 
water at the bottom of the column, so that under an approximate 
vacuum of 66 cm. of mercury in the condenser, the height, h, 
will be about 9.50 m. This explains why a minimum length of 
10 meters is allowable for the barometric column, F. To be on 
the safe side it is better to have it 12 meters, then the oscillations 
in the height of the column of water, which are frequently more 
than a meter, need not be dreaded. 

It is very important that the barometric tube have a con- 
- siderable diameter, more particularly when using water that is 
likely to leave calcareous deposits. Under these circumstances 
there need be but little apprehension that the pipe will become 
clogged. The apparatus cannot be cleaned during the campaign, 
as this would mean a general stoppage of many of the important 
pieces of machinery used, which must work incessantly from 
first to last. The water injected into the condenser, C, is drawn 
off by the pipe, L, from the tank, M. The arrangement demands 
a cold-water pump to keep M nearly full, or if necessary 
running into the barometric condenser. The level of water in 
the reservoir, M, may be kept constant by the use of a suitable 
float and a sudden rush of air through LZ, in case of insufficiency 
of water, would thus be obviated. This should in all cases be 
avoided, as accidents of various kinds might follow. The air 
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pump could, for example, burst if its exit air ports were not of 
sufficient size to meet the emergency. 

Working of the condenser.—As has been previously pointed 
out the essential conditions for the satisfactory working of a 
condenser are that nearly a perfect vacuum be maintained in 
its interior, and that the volume of water used be kept within 
reasonable limits, as, if there is not sufficient water, the vapors 
cannot be satisfactorily condensed and what remains would be 
drawn. off by the air pump at the same time as the non-conden- 
sable gases. This would necessarily mean more work for the 
pump and a waste of steam, and, furthermore, its efficiency being 
lessened, the vacuum obtained would run below the normal. Evi- 
dently an excess in the other direction is to be avoided, that is 
to say the use of more water than is actually needed. When 
moist-air pumps have to draw off an excess of water they leave 
behind a certain volume of the non-condensed gas, and there fol- 
lows a decrease in the vacuum. 

Upon general principles it may be said that the volume of 
water to be injected should be proportional to the vacuo one 
wishes to obtain. A simple way of determining whether the 
volume of water circulating in the condenser is in excess is to 
place one’s hand on the exit pipe, which should always remain warm 
and should never be cold. MALANDER points out that in the 
case of parallel-current condensers it is very difficult to ascer- 
tain what the temperature of the exit flowing water should be, the 
vacuum being governed by the temperature of the injected water. 

It is important to note that excessive vacuum in a condenser 
is not essential in any phase of beet-sugar extraction. According 
to CLAASSEN a condenser may be considered to be working in a 
satisfactory manner when the vacuum is 60 cm., when the water 
of condensation runs off at a temperature not more than 10° C. 
lower than that of the vapors of evaporation, and, furthermore, 
when the gases entering the pumps are cooled so as to be at the 
same temperature as the water of injection. In order to have 
the working of the condenser under proper control it is recom- 
mended that thermometers be placed on the barometric tubes 
of the condenser and on the suction pipes of the air pumps. Varia- 
tions of temperature will indicate the existence of irregularities, 
such as too much or too little water of injection. 

Perturbations in the working of condensers.—Difficulties pre- 
sent themselves when the desired degree of vacuum is not attained 
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in the condenser, the causes for which are numerous. If air 
enters the apparatus the vacuo is lessened. If the leakage is con- 
siderable it can easily be detected, as it will then be heard. When 
smaller the flame of a candle should be placed near the suspected 
joints, and its change of direction will give practical evidence that 
there is an inward flow. All joints of manholes should be kept very 
tight by frequent tightening of bolts, suitable calking with putty, 
etc. As has been previously pointed out the insufficiency of 
water in the condenser is generally responsible for the decrease 
-in the vacuum. A clogging of the spraying device is frequently 
sufficient to bring about this perturbation. 

Attention has already been called to the desirability of having 
perforated diaphragms for the condenser in reserve, so that they 
may be changed without any delay in the working of the appa- 
ratus; but, anyhow, it necessitates stopping the air pump, which 
means to stop also the working of the multiple effect and the 
vacuum pan. It may also happen that the barometric column 
becomes clogged through calcic deposits from water abnormally 
charged with lime, but this danger is very little to be feared during 
the short period a beet-sugar campaign lasts. When all the other 
appliances are submitted to a cleaning, however, it is better to 
include this pipe also. 

Entrainment of water from condenser.—For some reason, 
for which no scientific and satisfactory explanation has yet been 
found, water finds its way from the condenser into the multiple 
effect and vacuum pan. Von LippMANN! maintains that this 
entrainment is due to faulty calculation in the relative propor- 
tions of the air pump and the condenser. If the air pump is too 
large it has a tendency to draw the vapor from the lower to the 
upper surface of the condenser; furthermore, it tends to bring 
the vacuum to a degree higher than that corresponding to the 
temperature of the water of condensation, under which condi- 
tion the water may begin to boil in the barometric column. The 
mixture of vapor and water thus obtained is lighter than water 
and may be carried above the barometric tube. When the bot- 
tom water receptacle, in which the column terminates, is small 
it might under these conditions be entirely emptied. In order 
to prevent the perturbation under consideration the revolutions 
of the pump should be lessened. With the same idea in view, 


1D. Z. 1., 28, 59, 1903. 
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suitable valves, which close when there is a sudden tendency for 
the water to rise in the column, may be placed at the bottom of 
the barometric column. However, it is to be noted that these 
valves are objectionable, in that they no longer work when covered 
with lime deposit. 

EHRENSTEIN claims that the cause of this entrainment may 
be attributed to the principle of counter-current condensation. 
To overcome! the difficulty he proposes to use a condenser with 
parallel currents and to complete the operation in a surface con- 
denser. Enruarpr? states that water falling from one baffle plate 
to the other has a constantly increasing temperature and when 
reaching the bottom of the condenser it boils; the resulting steam 
tends to rise, obstructs the passages intended for the water of 
injection, and then is carried into the pipe connecting with the 
air pump, or that in communication with the vacuum pan or mul- 
tiple effect. 

A well-known authority? points out that in the waterfall 
condensers the vapors and the gases should pass through falling 
water before reaching the condensers, and this causes an accu- 
mulation of water above each of the obstructors. If the passages 
for the vapor are too narrow the water forms a column which 
prevents the vapors from passing and the vacuum falls in the 
evaporating appliance. There results more or less difference 
between the vacuum at the top and bottom of the condenser and 
the particles of air that fight their way through the column of 
water carry with them as far as the air pump some water, unless 
precautionary measures are taken to prevent this during its pas- 
sage. However, the water will continue to accumulate until its 
hydrostatic pressure overcomes that of the vapors of the multiple 
effect; the water will then fall by gravity. Where this water 
accumulates the air pump can more readily draw it off when 
combined with air bubbles or gases, which make it lighter, and 
it consequently passes into the air pump. 

Central condensation.—As previously pointed out the per- 
turbations in the working of the condenser frequently result in 
a disturbance in the general manufacturing processes. The opera- 
tions of the multiple effect and vacuum pan come to a standstill, 
and the natural result of such conditions is an effort to devise 
some way of overcoming the difficulty. One of the best solutions, 
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of course, is to keep the condensers of the multiple effect and those 
of the vacuum pan entirely separate, but it presents many incon- 
veniences. Numerous plans have been suggested. It is possible 
to combine several condensers with one central air pump. The 
most practical solution is, however, a central condenser com- 
bined with a central air pump of corresponding dimensions, under 
which circumstances the working will be more economical, there 
will be less water consumed, and the general work will be much 
simplified. The objection found to this mode is that it is diffi- 
cult to prevent leakage in the large valves connecting with the 
evaporation chambers and allowing to isolate them when necessary. 

Furthermore, it is said that the graining of syrup in pan can- 
not be as satisfactorily accomplished with a constant vacuo, as 
when the pan man can regulate the vacuum by injecting more 
or less water into each of the isolated and separate condensers. 
This last objection is not tenable, for the reason that with expe- 
rience the pan man can obtain the same results with a regular as 
with an irregular vacuo. Possibly when one wishes to obtain 
special grades of sugar, such as very large crystals for special 
usage, a separate condenser offers some advantages, and the 
regulation is easier than it is with a valve connecting the pan 
with the condenser. 

Valves having conical seats of vulcanized fibre, as they are 
“now made, give satisfaction and will undergo but little change 
during the sugar campaign. Sluice valves may also be recom- 
mended. If the central air pump is working upon several con- 
densers, any one of them may be isolated by a comparatively 
small valve placed on the suction pipe connecting with the pump. 
Possibly this installation is rational under certain circumstances, 
but more water is used than with a central condenser, as there 
is no compensation for the variable volumes of evaporated vapors 
coming from the various appliances into their separate conden- 
sers. The care of several condensers necessarily demands more 
time and attention, especially when economy of water must be 
taken into consideration. 

The question of economy of water is of vastly more importance 
than many at first sight suppose. It has been previously pointed 
_ out that, from the standpoint of expenditure of power, a waste that 
may be calculated in dollars and cents is involved. Evidently the 
ideal condition would be to draw the water into the condensers 
through the action of the vacuum alone and do away with the pumps 


112 BEET-SUGAR MANUFACTURE. 


entirely. This is within the limits of possibility and has been done, 
but asa general thing such is not the practice in beet-sugar factories. 
It may be admitted that the consumption of water for injection 
depends upon its temperature and the temperature of the waste 
water from the condenser compared with that of the vapors of 
evaporation. Under normal circumstances, supposing the tem- 
perature of the vapors of evaporation is from 62° to 65° C. with 
a difference of 10° from the water of condensation, and that the 
water of injection has a temperature of 10° to 15° C., CLAASSEN 
says that the consumption of water per kilo of vapor to be con- 
densed is about 15 kilos, or, for 100 kilos of beets, about 150 kilos 
for the vapors of the multiple effect and 150 to 225 kilos for the 
vacuum pan. When the vacuum increases the difference between 
the temperature of the vapor of evaporation and that of the water 
of injection becomes less, and consequently the volume of water 
used for injection should correspondingly increase. 

The calculated amount of water consumed for injection could 
only be accurately determined if there were a regular flow of vapors 
of evaporation as they are liberated from the compartments of the 
multiple effect. Such regularity can never exist from the vacuum 
pan. These conditions demand close inspection when each vacuum 
pan has its own condenser and air pump. 

Utilization of waste water.—In beet-sugar factories, awd an 
ample supply of fresh water, the water of condensation may be used | 
in part for the diffusion battery, but its principal usage is for the 
hydraulic transportation and the washing of beets. 

The important and interesting usage to which the water from 
the condenser is put, how it is received in a special reservoir placed 
at a certain elevation, and the important services it renders in the 
beet flumes in carrying the beets to the factory under best possible 
conditions have been already pointed out. The temperature of 
this water also prevents all difficulties of frozen beets. An 
overflow is placed in the water reservoirs, and experience shows 
that it is desirable to put several tubes on the water piping of 
beet flumes to carry off the air that the water may have carried 
with itself. The level of the overflow under consideration should 
be at least one meter higher than the end of the barometric tube 
in its water cistern. It is advisable to place above the first overflow — 
a second one which will permit all this water to escape into a 
river or canal, when the water pipe of the hydraulic carrier is 
shut. , yong 
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Cooling of waste water.—In cases where water is lacking it must 
be cooled to be used over again, which may be accomplished by 
running it over steps, or into refrigerating and spraying appliances. 
It may then again render service in the condenser. The con- 
ditions of working may demand that these waters be cooled for other 
reasons. If run directly into adjoining streams there would follow 
extensive micro-organic developments resulting in objectionable 
fermentations. Experience shows that 1250 to 1500 liters, or one 
and a quarter cubic meters to one and a half cubic meters of injecting 
water, are necessary per minute for the multiple effect and vacuum 
pan of a 500 ton plant. 

The method of water refrigeration depends upon numerous cir- 
cumstances. The appliances to accomplish the desired results are 
more or less interesting and as some of them have become standard 
they deserve special mention. There are certain important points to 
be considered about cooling. Among these may be mentioned the 
quantity of water that evaporates and the caloric absorbed from 
the remainder by doing so. The air which circulates above the 
liquid becomes saturated with water and is heated at the expense 
of this water and by radiation. There necessarily follows also a 
loss of heat by direct transmission through the material of con- 
struction of the cooling appliance, though this issue cannot here 
be discussed in detail. 

Upon general principles it may be said that the activity of any 
waste-water cooling device depends mainly upon the ambient 
atmosphere, as regards temperature, moisture, etc. The wind is 
no small item and cannot be overlooked, as when cool it assists 
very considerably, but when the air is already saturated with 
moisture the object in view of removing the latent heat of the 
waste water is not realized. 

Cooling in cascades.—In most sugar factories it has been cus- 
tomary for many decades to send the waste or residuary water to 
be cooled in shallow receptacles where it comes in contact with 
cold air. The distance over which the water runs varies and, owing 
to the comparatively low temperature of the ambient atmosphere 
during the sugar campaign, the cooling offers no difficulty. How- 
ever, when there is a rise in temperature the surface cooling does 
not give the expected results. It is proposed ther to give greater 
surface exposure, but this is not practicable, for the change in 
temperature may be of only very short duration. 

The best-known appliances are arranged in cascades made up 
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of twigs. This mode has been so long in vogue that it may now be 
considered standard. It consists of a wooden trestle holding a 
number of fagots, varying with the local conditions (Fig. 71). The 
warm water is carried through A and empties into the upper receiver 
which distributes it upon the fagots. The downward circulation of 
the water is comparatively slow, offering to the air considerable 
cooling surface, and the ultimate fall in temperature is sufficient to 
allow of its being used in the condensers. Upon reaching C’ the 
water is pumped through D to where it is to be again utilized. 
There are certain types of closed cascade coolers in which there is 
a forced circulation of air, either by means of a chimney or ventilator, 
the size of these appliances depending upon the draught created. 






























































2 
i) Laas 
| 
| 
—> A | : an 
eet 
| fi ll Hl Ee 
| B 
i! | 
4] | - 
Le) Ba 
a El A He 
ry ry 
(Ee Z | f mn 
Tih fi 1 iit Hi iii 
= — A JTL bz Wis 
Jape ra) 
Vy sin — ee ia yi, ca 
i, Yy Gy 


Fic. 71.—Cooling Tower. 


The RoHLEDER! waste-water cooler consists of a tower in 
which there are several floors made up of twigs. These, instead of 
being horizontal, are vertically arranged. The circulating water 
is distributed on each level through special trough collectors. The 
tower may be exposed to the ambient temperature or covered, as 
the case may be. In the latter case a special forced draught is 
necessary. Water may be thus cooled to 17° C., even in July when 
exposed to the sun. 

RILLIEUxX? recommended and used a square tower in which were 
suspended cloths within a few centimeters of each other, and uyon 
these fell the water to be cooled, while a powerful ventilator drove 
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the air in the opposite direction. The Korrtine (Fig. 72) mode of 
cooling does away with the cascade method. In a large circular 
tank is arranged a ring through which circulates the water to be 





























































































































Fic. 72.—Kogrrtine Mode of Cooling. 


cooled, and from which it escapes through conical sprinklers 
arranged at intervals of two meters. Water arrives at a pressure of 
one atmosphere. In the interior of these conical sprinklers is a 
spiral (Fig. 73) which forces the water to follow its outer surface, 
and, when escaping, it forms a deluge of 
the finest possible spray. Numerous other 
devices have from time to time been sug- 
gested, but the various conditions existing di- 
minish their practical value to a great degree. 
Air pumps.—The principal objects of the 
air pumps are the removal of the non-con- 
densable gases introduced by the juices, the 
air that enters the appliances through faulty 
joints, and the gases liberated in the con- 
denser during the cooling of the vapors from 
the multiple effect. Very little is known as pce tone 
\ ulverizator. 
regards the generation of the non-condensable 
gases formed during evaporation, but they are supposed to be 
the outcome of non-sugar decomposition. The ammoniacal vapors 
contain mainly ammonia and carbonic acid, as these are readily 
absorbed by water, and the same may in a measure be said 
of carbonic acid. However, when, in the injector, very calcare- 
ous waters are used, holding in suspension a certain quantity 
of carbonic acid, this may be liberated in the condenser and 
must be drawn off. According to Bunsen! and Carius, water 
dissolves at 15° C. 1.8 per cent of air. The quantity of the 
air subsequently liberated will depend upon the temperature 
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at which the water leaves the condenser. If it is admitted that 
1 per cent is thus set free, then 10 to 14 liters per minute are 
liberated in a 500 ton plant, which at a vacuo of 72 cm., such as 
exists in some condensers, represents an expanded volume of 180 to 
250 liters. OvErtop! points out that, owing to leaks of all kinds, 
there enters the apparatus a volume of air repres nting 10 per cent 
of the water used during condensation, which, at a 72 cm. vacuum 
would mean from 1800 to 2500 liters. 

Various types of air pumps.—Air pumps, such as are men- 
tioned in the foregoing, may be for dry or moist air, and they 
may have flap valves, slide valves, or ordinary valves. It has 
frequently been suggested that injectors ‘nstead of air pumps be 
used, and DrHNE attempted to use a KorrtinG steam injector 
instead of the pumps, but it was shown that the vacuum obtained 
was not sufficient. The results in this direction obtained by 
Born ? were more certain, but could not always be depended upon. 
MaxwELu ® proposed that rotary pumps be employed. 

Moist-air pumps.—When barometric condensers are not used, 
the moist-air pump plays an important réle. As has been rpre- 
viously pointed out, the water and non-condensed gases must 
be removed from the condenser by their use. Moist-air pumps 
have oscillating metal or rubber flap valves. In Fig. 74 is shown 
one of these arrangements constructed by Cait. When the piston 
moves from left to right, the pump draws from the condenser the 
water and non-condensable gas through the entrance port, £, 
and these raise the valve in front of C and enter the cylinder A, 
while on the other side of the piston the water and the gases are 
forced up through D. The top valve opens into the tank, F, 
which has a suitable overflow—not shown in the illustration—and 
a pipe of sufficient diameter to allow the gases to escape. The 
weight of the valves is an important point to be considered, or 
if too heavy they will necessarily considerably reduce the efficiency 
of the pump, and yet they must be very solidly constructed, so as 
to resist the shocks sustained from falling upon their seats. 

In Fig. 75 is shown a German type of a rubber flap valve, the 
arrangement of which is very much the same as the metal flap- 
valve pump, just described. The piston a works from left to right, 
drawing the water and gases in through b; the flap valve, c’, then 


1 Archief, 9, 129, 1901. 2 7, 23, 1022, 1873. 
3D, Z. I., 12, 1194, 1887. 
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opens and on the other side of the case d is forced open. When 
the piston is working from right to left it is the valves c and d’ 
that are open, while c’ and d remain closed. The piston rod and 
stuffing-box arrangement are surrounded by a basin, g, filled with 
water, which arrangement forms a perfect air joint. 

The Stork (Fig. 76) moist-air pump offers several interesting 
characteristics. The plunging piston, A, consists of a bronze 
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Fie. 74.—Section Moist-air Pump. 


cylinder with conical ends, adjusting exactly in the end covers 
of the pump, so as to do away with the dead spaces as far as pos- 
sible. Its working is easy and noiseless. The water and gas 
enter at H and pass into B or Bb’, depending upon the position of 
A, and are forced out either through the valves, C or C’, which 
have a very considerable section, as shown in the plan and section 
drawing (Figs. 77 and 78). It is claimed that the arrangement 
permits great rapidity in the pump’s working, which in special 
cases may be of great service. The valves in question rest upon 
an iron grating. There are ten clusters and the opening is com- 
paratively slight. 
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Moist-air pumps work at a velocity corresponding to 30 to 50 
revolutions per minute. As a general rule, it is a mistake to ex- 
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fia. 75.—German Moist-air Pump. 


ceed that velocity, as the valves would soon suffer from the re- 
peated shocks. When a moist-air pump works in combination 
with a counter-current condenser, the vacuum may be regulated 





Fig. 76.—StorK Moist-air Pump. 


by opening a cock making a communication between the top of 
the condenser and the air pump. 

In theory there are no dead spaces in a moist-air pump, as 
they are filled with water that is non-compressible; but the fact 
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is, such water always contains air bubbles in suspension. During 
the back stroke, these bubbles assume a volume that is directly 
proportional to the pressure, and the piston must reach a certain 
position before they are expanded sufficiently to have a pressure 
less than the water and gases on the other side of the suction flap 
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Fic. 77.—Top View of Valve Arrangement of StorK Moist-air Pump. 


valves, so that these may open; hence the desirability of having 
easily working valves. 

MarcHAND proposed that the efficiency of a moist-air pump 
be increased by placing a centrifugal pump at the bottom of the 
condensers, with a view to remove nearly all the injected water. 
The air pump under these circumstances would draw off only the 
non-condensable gases. It is important, when using the centrifugal 
for such purposes, to have the centre or suction portion placed 
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Fic. 78.—Section of Same Valve. 


directly in front of the pipe connecting with the condenser! L& 
Docrr? used for the same purpose a centrifugal pump, whose 
efficiency was automatically regulated by the level of the water to 
be extracted from the condenser. The principal objectionable 
features of moist-air pumps are, that their efficiency is restricted 
to very narrow limits, and that they should not be used with hard 
water, as there would always be considerable calcic deposits, 
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_ owing to the comparatively high temperature at which the pump 
is working. 

Dry-air pumps.—As a general thing, dry-air pumps are mainly 
used in combination with counter-current injectors. The non- 
condensable gases only are drawn off. ‘These appliances are very 
differently arranged from the moist-air pump, and their con- 
struction has undergone many alterations from the original design. 
Among the first devices were such as had metallic flap. valves, 
which through suction were given an automatic movement, very 
like that used in air compressors; but this arrangement, owing 
to the low density of the gases to be drawn off, resulted in a vibra- 
tion of the valves which were frequently fractured. It is claimed 
that these valves do not rest as firmly upon their seats as they 
should. In France they have been to a certain extent abandoned, 
while in Germany their adoption gives excellent results. The 
method most in vogue is the use of a distributing slide valve, very 
like those used in the blowing engines for carbonic acid. In order 
to obtain with these pumps a maximum efficiency it was proposed 
by various combinations to do away entirely with the dead spaces, 
which may in certain cases be of considerable importance, the 
average being about 4 per cent of the cylinder’s capacity. 

In what follows there will be shown the various devices having 
the. object of overcoming these difficulties by doing away with all 
packing of the piston and preventing it from touching the sides 
of the cylinder. The tightness is obtained by tracing grooves 
on the generatrix of the piston, which arrangement is very like 
that used in the pneumatic laboratory pump. JouLE! was the 
first to practically adapt the groove principle to the cylindrical 
surface of the piston of an air compressor. W5LLNER? in 1879 
used pistons with annular grooves to increase the efficiency of the 
air pump. In the free space, between the piston and the cylinder, 
an exchange of air takes place between the sides where the air 
was forced out and where it is drawn in. It is claimed that the 
arrangement does away in an important measure with the incon- 
venience of dead spaces. 

Description of some improved types of dry-air pumps. The 
best of them are made after the model of BUrckHarpT and WEIss 
(Fig. 79), a transverse section of which is shown herewith. An 
examination of the sketch shows how the slide valve T is worked. 


1 Jahrb., 5, 120, 1866. 2D Zols lieeraO sees 
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The inlet A is alternately put in communication with both sides of 
the piston, P, by the distributing ports, C and C’. The air is 
forced out during the back stroke through D and D’, openings in 
the slide valve. These are covered by a sliding plate, H, held in 
position by a spring pressure, which moves with the main slide valve, 
T, and rises only when the back stroke pressure is equal to that of 
the exterior atmosphere. This permits the compressed gases to 
escape through the piping, &. In the drawing it is supposed that 
the piston, P, is at the end of its stroke and will soon resume its - 
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Fic. 79.—Section of BirckHarpt and Weiss Dry-air Pump. 


movement in the direction of the arrow, 7. At that moment the 
gases behind the piston are compressed into the dead spaces and 
are at the atmospheric pressure, while those in front of the piston 
have only a very slight tension corresponding to the vacuum in 
the condenser from which they were drawn. The slide valve, 7’, 
has a straight motion in the direction of j’ and at the instant under 
consideration is in an average position. 

The width between the nearest borders of the openings D and 
D’ is greater than the greatest distance between the corresponding 
parts of the ports C and C’, so as to retard the admission and 
the compression of the gases. The two openings, /F’, connect 
through a horizontal pipe which puts in communication the front 
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and back of the piston, P, through the ports, C and C’. It is self- 
evident that the gases compressed between P and AF will pass 
through C’, F’F, and C, and will expand on the other side of the pis- 
ton. Assoon as the piston has travelled a space equal to the width 
of the openings of expansion this communication is interrupted and 
at the same moment the space C’ being in communication with A 
the suction commences, because the compressed gases have been 
previously expanded to the existing tension of the condenser. 
This suction ends shortly before the piston reaches the dead point. 
During this time the gases are forced in front of the piston through 
the passages C and D. When they have attained the atmospheric 
pressure the beating valve or plate H is raised, the shock of which 
is lessened by the spring G, and they escape through the piping &. 
When the piston, P, reaches the end of its stroke the slide valve, 
T, has returned to the same position as it previously occupied, the 

expansion of the compressed gases in the dead spaces in front is” 
operated as in the foregoing, but in the reverse direction, thus 
permitting an immediate suction. At each passage of the dead 
point the same phenomenon, consisting in momentarily placing in 
communication both sides of the piston, is repeated. The air piston 
consequently commences its suction almost from the start of its 
stroke in front or back, and the efficiency of the pump is conse- 
quently very great, as compared with the flap-valve model. 

The WncGELIN and HuEBNER slide-valve arrangement for dry- 
air pumps is shown in Fig. 80. The principal distribution is 
through the slide valve, 7, and the annulling of dead spaces is 
accomplished by the equalizing valve, HE, which has the function of 
placing the two sides of the piston, P, in communication when it 
passes over the dead point. The drawing supposes that the piston 
is at the end of a stroke just before it travels in the reverse direction, 
fj, and the principal slide valve, 7’, moving in the direction, /’, is 
supposed to be at its middle position, which shows some delay 
both for suction and forcing. The equalizing valve, H, is moving 
in the direction /’’; it will open the passage, C’, and place it in 
communication with C, thus permitting the expansion of the gas 
in front of the piston. The communication is interrupted before 
the principal slide valve, 7, has allowed the beginning of the 
suction through the passages, C’A, which suction ceases before the 
piston reaches the end of its stroke in the direction, 7. During this 
period the air is being forced through C and D, the valve, S, has 
opened, permitting the compressed gases to make their escape and 
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subsequently to flow through the pipe, &. As soon as the piston 
reaches the dead point at the other end the principal slide valve 
T returns to its middle position and the equalizing valve, H, again 
establishes an equilibrium of pressure upon both sides of the 
piston, P. This operation continues for every stroke of the piston 
and overcomes the dead spaces. 

An excellent type of single slide valve with the same object is 
that adopted by the St. Quentin Construction Co. The distribution 
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Fie. 80.—Section of WeGELIN and HurBNER Dry-air Pump. 


is accomplished through the slide valve, T (Fig. 81), which, through 
its movement, places both sides of the air piston alternately in 
communication with the suction pipe, A, and with the force pipe, 
R, through the openings D and D’ and several valves SS placed on 
top of T. The drawing supposes the air piston at a dead point at 
the moment when it is about to move in the direction f. T is 
supposed to be in its middle position and moves in the direction 7’. 
The doing away with the dead spaces is accomplished through the 
supplementary passage, HE’, which places both sides of the piston 
in communication. This condition is interrupted (as shown in the 
drawing) before the suction or forcing commences, and the same 
operation is repeated at the other end of the stroke. The object in 
view, as in the appliances previously described, is to permit the 
expansion of the compressed gases and to do away with the dead 
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spaces on both sides of the piston, this necessarily being “ollowed 
by a greater efficiency of the dry-air pump. 

The dry-air pumps are since many years very much in vogue, as 
their efficiency reaches 90 or 95 per cent and even more in pumps 
of considerable size. 
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Fig. 81.—St. Quentin Slide-valve Dry-air Pump. 


Dry-air pumps with flap valves.—Of late years dry-air pumps 
have been constructed with flap valves, which are very sensitive and 
will open or close under the slightest difference of pressure. These 
valves are placed upon the head of the cylinder. The dead spaces 
in these pumps are very small. In the dry-air pumps under con- 
sideration there always remains a space of some few millimeters 
between the heads of the cylinder and the piston after each stroke. 
In case the condensers are badly combined and water finds its way 
into the cylinder accidents might occur, but they are very rare. 
Special precautionary measures may be taken. It is frequently 
pointed out that one of the objectionable features of the flap-valve 
dry-air pump is the repeated shocks caused by the valves, particu- 
Jarly when of abnormal size. Springs are used to keep the valves 
well-pressed upon their seats and there are numerous combinations, 
such as the so-called cataract valve, balanced valve, etc. In some 
of the existing dry-air pumps of this type 300 strokes of the piston 
per minute are attained. The weak springs connected with the 
valves during their working permit the escape of the last portions 
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of air forced out by the piston. Their efficiency ! is extremely high, 
irequently reaching 97 to 98 per cent. The BLANCKE air pump is 
a good type of the cataract-valve mode. In Fig. 82 are shown the 
left and right portions respectively of the pump during the period 
of suction and forcing. 

The suction valve consists of a series of sleeves with rectangular 
openings, Z and X, a ring and flap valve, U, which telescope one 
into the other, leaving between them the annular spaces, V and U. 
A spring, N, helps the valve to close under the slightest difference 
of pressure. While the non-condensed gases are aspirated on 
that side the gases on the other side of the piston are being com- 
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Fig. 82.—BLanckE Valve Dry-air Pump. 


pressed and force all the sleeves of the upper valve in the right 
corner against one another by doing away with the annular spaces, 
V’ and U’, covering also the openings, X’ and Z’. On this same 
side the cylindrical sleeves of the force valve are opened to allow 
the air to escape by s’,7’, and ¢’.. On the other side the sleeves are 
all pressed one upon the other by the spring M, thus preventing 
any passage through the seats of these valves. It is interesting 
to note that in this arrangement the exit valves are at the bottom 
and the entrance valves on top of the cylinder, in order to facilitate 
the evacuation of the water. 

In the Haun? pump (Fig. 83) the dead spaces are entirely 
eliminated. The slide valve, g, has the shape of a ring of the same 
inside diameter as the cylinder, a, of the pump. When it changes 
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its position it opens an annular space, n, through which enters the 
non-condensed gases. ‘There can be no dead spaces, for the reason 
that the seat of the slide valve is upon the periphery of the cylinder 

y itself. The back part, J, of the cylinder 
1 -'. has a cover which acts as a valve and 
> yg is pressed upon the outer borders of 1 by 
AN means of a spring. When the piston 
reaches the end of its stroke it lifts 
this plate allowing the gases to escape 
through Ah and k. As the cover ad- 
justs itself exactly to the cylinder at 
the end of the stroke dead spaces 
cannot exist. There is no shock and 
consequently very little wear and tear. It is pointed out that 
this pump has considerable efficiency and may attain a vacuo of 
75 cm. of mercury. 

Size of the air pump.—Authorities do not agree as regards the 
importance of air pumps, and, when visiting factories, one is struck 
with the great variance in the pumping capacity of these machines. 
Their working depends upon the condenser. In modern modes 
of sugar extraction there is a constant tendency to increase the 
size of the plant, and these changes are frequently not allowed 
for in the air pump. Suddenly it is realized that the vacuum is 
insufficient in the multiple effect and pan. Let the air pump 
correspond in size to any extreme case that it may have to meet. 
EHRHARDT! noticed one case in which the vacuum in the air 
pump was 748 mm. of mercury or 98.4 per cent, notwithstanding 
the fact that in the condenser the vacuo was 720 mm., and in 
the syrup compartment of the multiple effect 671 mm. pressure. 
The conclusion to be drawn is that the sections of the several pipes 
were entirely too small. 

According to BoucHon? the dry-air pumps o° the German 
and Austrian model will develop 250 and sometimes 300 liters 
per kilo of steam to be condensed, while in the Belgian pumps 
this is less than 200 liters. In order to increase the efficiency of 
a dry-air pump the exterior surface of the cylinder is frequently 
cooled, as the volume of gas drawn into the cylinder decreases in 
direct ratio to this temperature. Another method consists of in- 
jecting into the cylinder small quantities of water. Certain pre- 





Fig. 83.—Haun Air Pump. 


17), Z. L., 15, 1402, 1890. 2 Bull. Synd., 17, 592, 1894. 
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cautionary measures must be adopted, because, as has been ex- 
plained, there would be danger of knocking out the head of the 
cylinder. - 

Air-pump transmission.—The motion is transmitted to air 
pumps either by suitable belting or special engines. According 
to GREINER! when belts are used the pumping capacity should 
not be calculated upon averages, but upon the maximum work to 
~ be accomplished. Experience shows that belt transmission is too 
much dependent upon other shafting and if an accident occurs 
the whole evaporating and boiling plant comes also to a stand- 
still, so it is better to have a separate engine. 

Maauin’s (Fig. 84) arrangement is of special interest, as it 
allows of either belt or machine transmission. In this case the 
steam engine is placed behind the air pump, and the latter between 
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Fia. 84.—Macuin Combination. 





the engine and fly wheel. If the belting is faulty the gearing may 
be made with the engine. It is a great mistake not to use a heavy 
fly wheel in connection with the engine, as in the pumping cylinder 
the maximum work is to be accomplished just at the moment 
the steam is expended in the engine cylinder and can exert the 
least power, and as a result the machine slacks upon reaching 
the dead points. A mode sometimes adopted to overcome the 
dead points consists in using for the pump suitable cranks keyed 
to the fly wheels of the engine at an angle of 90° as compared with 
the cranks of the engine. STEFFENS? tried to overcome the 
difficulty by other means, such as reducing the energy consumed 
by the air pumps. The air is forced into a receptacle in which 
there is a slight vacuum. It is claimed that, under these cir- 
cumstances, a high vacuo may be reached, even when there are dead 
spaces in the cylinder of the pump. It is to be noted that this 
mode demands the use of a second air pump. 

Perturbations in the working of air pumps.—When not working 
under normal conditions the vacuo in the air pump is not up to 
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the desired standard. The working parts of the pumps should be 
in perfect condition, that is, the port passages and the seats and 
laps of the valves should be free from all foreign substances. All 
exterior air should be kept from the cylinder by suitable packings, 
stuffing boxes, etc. It may be admitted that flap-valve air pumps 
are very much less likely to be broken by the introduction of 
water into the cylinder than the other modes. 

Diagrams of the working of the machine should be taken. 
They allow to ascertain at once whether the exit air ports are 
of sufficient diameter, if the valves are too light or too heavy, etc. 
The diagrams give information respecting the leaks in the cylinder. 
If, for one reason or another, the moist-air pump gets out of order 
for any length of time there is a general stoppage of the factory. 
Sometimes valve-water pumps have proved to be of great assist- 
ance in such emergencies. While a vacuum will thus be produced 
in the multiple effect and pan, it will hardly be sufficient to ac- 
complish the evaporating work for any length of time. The 
carbonic-acid pump may also come to the rescue in helping to 
complete the work in progress until the air pump is ready to re- 
sume operation. An extra air pump and condenser should always 
be provided so as to be prepared for such emergencies, 


CHAPTER VI. 
MULTIPLE REHEATING. 


General considerations.—In all beet-sugar factories the demand 
for heating is not confined to one station, but extends to every 
phase of the manufacturing process. Graining in pan must be 
accomplished under satisfactory economical conditions, juices 
from the battery must be reheated, etc. It would not be eco- 
nomical to use the exhaust steam directly from the engines for 
this purpose. There are considerable advantages in taking a 
portion of the liberated vapor from the first compartment of a 
multiple effect. The exhaust steam, passing into the heating 
chamber of the said compartment, will bring about the evapora- 
tion of a part of the water contained in the juices, and this, if 
sent to pan, answers for the purpose of graining. The arrange- 
ment in reality is a double effect. Authorities do not agree as 
to who was the originator of this idea. According to P&cLter! 
it is PELLETAN to whom must be given the credit of having been 
the first to use the vapors from evaporation for heating. He used 
an injector in order to submit the expanded vapors to a prelimi- 
nary pressure before reaching the injector, and they were forced 
into coils used for reheating syrups before they entered the vacuum 
pan. 

On the other hand, in the American patents RitLizux men- 
tioned in 1846 the use of the vapors from the first compartment 
of a triple effect for graining in pan, and described in great detail 
the mode as it was practiced. Since then it has been greatly 
improved. No stress need be laid on the assertions of Simon ? 
who claims that SANTHRRE should have the credit of the innovation 
in its new form; and, again, Lexa? asserts that Fisher was the 
principal leader in this mode of vapor utilization (?). 


1 PrcLET, Traité de la Chaleur II, 2, 80, 1843. ?S. 1., 17, 326, 1881. 
3B. Z., 8, 206, 1884. 
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This multiple heating is accomplished by a great variety of 
methods. Before describing them it is interesting to show just 
how they actually accomplish a caloric economy in the sugar 
manufacture. In the diagrams herewith, in which the condi- 
tions are only roughly represented, one may see how this steam 
economy is realized. It is supposed that each compartment 
liberates exactly the quantity of caloric that it receives, and that 
one kilo of vapor will evaporate three liters of water in a triple 
effect. Suppose, also, that 300 liters of water are to be evaporated 
and the reheaters are to receive a total of 50 kilos of vapor. In 
the first case the triple effect and the reheaters are supplied with 
live steam or with exhaust steam. 


I II Ir 
Steam, | 190 Kilos 100 Kilos 100 Riles po eon 


Re-heater 
Fig. 85.—Economy of Multiple Reheating—First Case. 





>| 50 Kilos 


First Case (Fig. 85).—The triple effect must evaporate in 


each of its compartments “= 100 kilos of water, and must con- 


sequently receive 100 kilos of live steam to which must be added 
the 50 kilos consumed by the reheater—total consumption, 150 kilos. 
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Fie. 86.—Hconomy of Multiple Reheating—Second Case. 


Second Case (Fig. 86).—The triple effect in the second*case 
is heated with live steam and the reheaters by the vapors from 
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the first compartment of the triple effect; consequently, 50 kilos 
of vapor will be removed from that compartment, and it becomes 
necessary under these circumstances to send to it 50 kilos of steam. 
There will remain 300—50=250 kilos of water to be evaporated 
_ in the triple effect, which means “= 83.3 kilos per compartment. 
For this purpose the apparatus will consume about 83.3 kilos 
of live steam or a total of 83.3+50=183.3 kilos, the economy 
(150 — 133.3) 100 
150 

Third Case (Fig. 87).—The triple effect in the third case is 
heated with live steam and the reheating is accomplished with 
vapors from the second compartment. 


being consequently =11.1 per cent. 
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Fie. 87.—Economy of Multiple Reheating—Third Case. 
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The 50 kilos of steam consumed in the reheaters corresponds 
to 50 kilos of water evaporated in each of the compartments, 
I and JJ, and also to the consumption of 50 kilos of live steam 
in the first compartment. Under these conditions 100 kilos of 
water are evaporated. There still remains 200 kilos, or = 66.6 
kilos for each compartment, or 66.6 kilos of live steam used at 
the start, to which must also be added the 50 kilos previously 
mentioned. This gives a total of 66.6+50=116.6 kilos, and the 
economy realized as compared with the first case is ee 
= 22.2 per cent. 

Fourth Case (Fig. 88).—The triple effect in the fourth case 
is heated with live steam and the reheater with vapors from the 
third compartment. 
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All the juice is evaporated by the triple-effect mode and de- 
mands 100 kilos of live steam. The reheater consumes a por- 
tion of the lost vapor and demands no special supply. The economy 
(150 — 100) 100 

150 

The practical value of an installation, calculated upon the 
basis just mentioned, depends upon the consumption of steam 
for heating purposes in the sugar plant. Experience and calcu- 
lation show that the more steam taken from the evaporating 
apparatus.for heating and graining the better the steam economy, 
avoiding as far as possible the use of live or exhaust steam for 
these purposes. If this principle is well carried out CLAASSEN 
says that better results can be obtained with a quadruple effect 
than with a quintuple or sextuple effect, with a poor application 


: 50 Kilos To Condensor 
Oo 100 Kilos Re-heater 


50 Kilos | ——> 50 Kilos 


consequently is = 33.0 per cent. 







Steam 


100 Kilos 





Fig. 88.—Economy of Multiple Keheating—Fourth Case. 


of this method, and that even a triple effect may be more advan- 
tageous, when fuel can be had for a reasonable price. In well- 
calculated beet-sugar factories with simple evaporating appli- 
ances the total consumption of steam estimated upon a basis 
of 100 kilos of beets sliced is about 60 kilos, including losses due 
to cooling. No well-organized beet-sugar factory should con- 
sume more than 70 to 75 kilos of steam, and, all this steam should 
be sent in the condition of live or exhaust steam to the first com- 
partment of the multiple effect, or to the fore-evaporator, unless 
live steam is injected into the diffusion battery. 

Without doubt the multiple reheating very considerably in- 
creases the evaporating efficiency of a multiple effect. When, 
for example, the vapors are taken from the first compartment of an 
evaporator an additional amount of vapor may be obtained ~ 
from it without increasing the area of heating surface, it being 
sufficient merely to increase by a few degrees the fall of tem- 
perature between the vapor used for heating and the boiling- 
point temperature. This offers no difficulty, as the pressure of 
the steam in the exhaust-steam collector may be regulated at 
will, and, furthermore, the fall of temperature in the first com- 
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partment is compaiutively small. If we suppose, for example, 
a quadruple effect with a fall of temperature of 8° C. between 
the vapor used for heating and the boiling juice in the first com- 
partment, an increase in the fall of 4° C. will augment the efficiency 
of the first compartment of the multiple effect by 50 per cent, and 
the total efficiency will be increased 12.5 per cent. In a triple effect, 
if the fall of temperature in the first compartment instead of being 
12° C. becomes 16° C. the efficiency of the first compartment is in- 
creased 33.3 per cent, and the increase for the entire apparatus, 
taking all the compartments collectively, is 11.1 per cent. It must 
be noted, however, that if the economy of the evaporating appli- 
ances consists in taking vapors from compartments further and 
further from the first compartment the increase of efficiency is 
finally reduced to zero. 
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Fig. 89.—Lexa and Rivitieux Method. 
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The Lexa-Rillieux method.—It is possible by this com- 
bination, as with any other, to work by triple, quadruple, or other 
modes, but the quadruple method is the one generally used. When 
working by triple effect it is commonly recommended to draw 
the vapors only from the first compartment, while in all other 
cases they may be drawn from the first and second: When 
working by quintuple effect the vapors are drawn off even from 
the third compartment. 

In Fig. 89 is shown a quadruple effect with multiple mode 
of reheating. The evaporating apparatus for beet juices con- 
sists of four compartments, A, B, C,and D. The first compart- 
ment, A, furnishes the vapor to B and to several reheaters, L, 
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F, and G, through which circulate juices or syrup on the way to 
their respective stations where they are to be heated from 90° to 
100° C. This first compartment is heated with the exhaust steam 
from the collector, R, in communication with the various motors 
of the sugar factory. Live steam may be introduced through V. 
This must, in case the engines do not yield an excessive volume 
of exhaust steam, be employed on account of the exceptional 
evaporation that this compartment is called upon to furnish. 
The second compartment, B, is heated, as just explained, by 
means of vapors from A, and furnishes the requisite heating for C, 
and, through the medium of H, for one or more reheaters that 
need temperatures from 80° to 90° C. 
The third compartment, C, furnishes to D, in which the con- 
centration terminates, an amount of vapor and non-condensable 
gases subsequently abandoned in the condensing injector, O, 
from which they are removed by the air pump, P. By the com- 
bination of a quadruple effect it is evident that the heat lost 
through condensation is considerably reduced, and, furthermore, 
as from the first compartment, A, there has been taken regularly 
a portion of the vapor for reheating, it follows that the evaporation, 
instead of being equally distributed between the evaporating com- 
partments, decreases from the first to the last. The latter, instead 
of yielding up to the injecting condenser the theoretical amount 
of vapor, equal to 25 per cent of the water evaporated, will allow 
a total amount of heat to escape inversely proportionate to the 
previous utilization of the vapor taken from. A for heating pur- 
poses. This economy of fuel will reach its maximum when all 
the heating of the sugar plant is done with the evaporated vapors 
from the multiple effect. Evidently a portion of the escaping 
caloric from D could be properly utilized for various reheatings. 
This mode permits of a vast number of combinations, among 
which may be mentioned that shown in Fig. 90. According to 
RILLIEUX a factory working with a plain triple effect would gain 
some advantages in transforming it into a double effect with 
multiple reheating. The exhaust steam from the engines enters 
first in A, and the resulting vapors run into B and C, which are 
combined so as to form one double compartment. To establish 
an equilibrium between the heating surfaces of B, C, and A, cer- 
tain precautionary measures must be taken. How to increase 
the efficiency of the first compartment by increasing the fall of 
pressure in the apparatus has already been explained. But in 
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the Ritiizux apparatus under consideration other methods are 
adopted on account of the engines from which the exhaust steam 
is aaa Live steam may be introduced into a coil placed at 
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Fic. 90.—Variation of RILLIEUX’s Combination. 





the bottom of one of the evaporating compartments (Fig. 91), 
but in this case another mode is used. 

This may also be accomplished in an apparatus called a circu- 
lator, which communicates with the compartment above and under- — 
neath the tubular cluster (Fig. 92). The upper communication per- 
mits an escape for the vapors liberated from the juice by heating 
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Fic. 91.—Live Steam Heating Fic. 92.—HECKMANN’S 
Heavy Coil. Circulator. 


with live steam in the circulator. This combination effects a 
methodical heating, which certainly increases the evaporating 
efficiency of the compartment. The circulator may assume the 
shape of one of the compartments of the multiple effect, inde- 
pendent of A, and serve for several heating purposes. 

In the combination represented by Fig. 90 there is formed a 
double effect with an increased evaporating efficiency. The first 
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compartment has its circulator, V,and the second consists of joint 
compartments, B and C.- The vapors from B and C escape through 
the common pipe, AK, and are used in the calorizators, M, of the 
diffusion battery, in the carbonatating tanks, H, and the vacuum 
pan, L. 

As the diffusion battery is generally placed at some distance 
from the multiple effect calorizators with heating surfaces of 
exceptional size are necessary. In the utilization in the vacuum 
pan of the vapors from the first and second compartments of a 
multiple effect the coils of the pan must be of an exceptional size, 
owing to the fact that the vapors in question are at a low pressure. 
The graining with this vapor can be done under favorable cir- 
cumstances in tubular and horizontal appliances of the JELINEK, 
Lexa-HeERoLp, or similar types. These combinations are very 
numerous, and the requisites vary with each factory according 
to the special conditions there existing. 

The experts discussing the advantages and disadvantages of 
the Lexa-RILLIEvux methods point out that a considerable counter 
pressure in the engines is involved; but this argument holds good 
only in cases where the heating surface is not sufficient for the 
evaporation and the different heating appliances. Rassmus } 
has noticed that the pressure of the exhaust steam in German 
factories, using evaporation and multiple reheating of juices in 
the triple and quadruple effects, was, for four consecutive weeks, 
about as follows: 


AVERAGE PRESSURE OF EXHAUST STEAM IN FACTORIES USING EVAPO- 
RATION AND MULTIPLE REHEATING (RASSMUS). 





Triple effects. Quadruple effects. 

Ist week. | 2d week. | 3d week. | 4th week.| Ist week. | 2d week. | 3d week. | 4th week. 
Kilos. Kilos. | Kilos. Kilos. Kilos. Kilos. Kilos. Kilos. 
0.18 Opt O206 Oia 0.4 0.5 Oss 0.4 
O22 Or Ost Orr Ons 0.25 0.25 0.4 
0.5 O25 0.5 Cieey 0.4 O25 0.5 O3a 
0.5 ORS Q.9 0.5 0.35 0.35 0.35 0.5 
0.2 0 Ost 0.1 
0.5 0.4 0.3 0.3 
0.4 O25 0.4 0.4 





Argue as one may it cannot be denied that the Lexa-RiInLinux 
combination demands exceptionally large heating surfaces at. all 


1D. Z I, 11,-1902,-1886: 
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the stages of sugar extraction. The question may be asked, From 
which compartment, the first or the second, should the vapors be 
taken? This depends upon the size and the power of transmission 
of the heating surfaces of the evaporator, the vacuum pan and re- 
heaters, and the temperature at which the reheating and graining 
should be effected. According to the temperatures given by 
Horsin-Dion for the quintuple effect, nearly all the heating may 
be accomplished with the vapor from the second and third com- 
partments, which means the use of a triple and quadruple utilization 
of heat. One may reheat cooled diffusion juices with vapors 
liberated from the concentrated juice in the last compartment, as 
these vapors have a temperature of 60° to 65° C., while the juice is 
not hotter than 25° to 35°C. This mode of reheating is advanta- 
geous in that it is accomplished without expense by using vapors 
which would otherwise have been lost. 

As it is impossible to utilize all the lost vapors, either from the 
multiple effect or the pan, it is certainly desirable to save some of 
the heat lost through condensation by reducing in both appliances 
the evaporating work to be accomplished. In the vacuum pan, 
which is a simple-effect apparatus, this economy may be realized 
only by effecting the graining with very thick syrup, and as to the 
multiple effect the result may be obtained by the use of special 
methods tending to diminish the work of evaporation in the last 
compartment, and at the same time leaving the final syrup as dense 
as possible. 

All the other juices need for their reheating vapors a temperature 
of 90° to 100° C. and frequently higher. These must be taken from 
the first two compartments of a quadruple effect, from the first only 
in the case of a triple effect, or in the case of a fore-evaporator the 
vapor may be taken from it and the first compartment. 

The Pauly-Greiner method.—It was pointed out that the method 
of multiple heating described in the foregoing had one very defective 
feature, which was the need of exceptionally large heating surfaces, 
especially for graining in pan or the increasing of the pressure in 
the exhaust-steam collector. This difficulty was overcome in a 
great measure by Pauty. The apparatus recommended by him is 
called in German Vorkocher or Sajtkocher; in English the term 
‘“ fore-evaporator’”’ has been adopted to describe it. 

The fore-evaporator is an apparatus entirely outside of the 
multiple effect, and is heated with steam taken directly from the 
high-pressure boilers. It should be used in beet-sugar factories in 
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wh ch the exhaust steam from the various machines is not sufficient 
for the evaporation of the juice, and direct steam from the boilers 
must be used; also when one wishes to obtain vapors for the vacuum 
pan and the reheating at the highest possible pressure, such as the 
multiple effect can never furnish. In the fore-evaporator the 
pressure of the vapors liberated from the juice during boiling may 
be made to rise to three-fourths of an atmosphere and even to one 
atmosphere. Under these circumstances the temperature of the 
vapors used for boiling may be forced up from 115° to 120°C., without 
danger of sugar inversion or fear that the juices will become dark 
in color, provided, however, that the juices being heated are 
sufficiently?alkaline. The heating surface of the vacuum pan and 
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Fig. 98.—PAuLY-GREINER Method. 


reheaters may be comparatively small, and the steam pipes need 
be only o° a small diameter. These facts explain the present 
popularity of the preliminary evaporation, notwithstanding the 
opposition that it met with at first. 

In Fig. 93 is shown one of these combinations in which A is the 
fore-evaporator for the multiple heating, combined with the 
ordinary triple effect, made up of the three compartments B, C’, and 
D; that is"to‘say, the first compartment, B, is heated by the exhaust 
steam collected in R, and furnishes the steam to C, which com- 
municates with D, this abandoning its caloric to the condenser O. 
The fore-evaporator consists of a simple-effect apparatus, sufficiently 
strong to resist the steam pressure introduced through S. The 
juices are pumped into this receptacle, pass through in a continuous 
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flow, and subsequently enter the triple effect, B, C, and D, in which 
the concentration is completed. The vapors in the fore-evaporator 
are at a pressure equal to about 0.25 to 1 kilo per sq. em., and flow 
into H which communicates with the various stations where heating 
is needed—that is to say, with the carbonatation tank, Ff, or with 
the tubular reheaters, G and H, placed before the carbonatation and 
filtration apparatus. This same steam may be utilized during the 
graining in the vacuum pan, J, in which the heating surface as a 
general rule is of considerable dimensions. Finally, it may be used 
in the calorizator of the diffusion. 

In Fig. 94 is shown a more complete application of the method. 
The first series of boilers, S, feed the steam engine, and the exhaust 
steam from it is used in the quadruple effect, Ay, Az, A3, and Ag. 








Fic. 94.—Variation of the PAuLY-GREINER Method. 


Before these vapors enter the condenser, C’, the vapors of the 
compartment, Az, pass through the reheaters, & and A’, in which 
they yield up the greater portion of their caloric. In the low- 
pressure boilers, S’, the necessary steam is generated for the working 
of the fore-evaporator, B, the vapors thrown off from which being 
used for reheating the first and second saturation, and also in 
the coils of the vacuum pan V. Under these conditions there 
is realized an important economy of steam and consequently of 
fuel. The economy obtained in having two sets of boilers, one at 
high pressure for the engines and the other at low pressure for the 
fore-evaporator, will be a special subject of discussion under another 
caption. It is to be noted that vapor at two atmospheres pressure 
may be readily used in the fore-evaporator. When considered from 
the evaporating standpoint there would be very little advantage in 
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producing steam at six atmospheres instead of two, as one kilo of the 
latter contains 647 calories and the former 657 calories, an advantage 
of only one and a half per cent. If the object in view was merely 
to create mechanical power the arguments would no longer hold 
good. | 

When the fore-evaporator is separately considered it evidently 
has nothing whatever to do with the triple effect, but, sometimes 
when the multiple effect has to meet exceptional emergencies for a 
short interval of time, the exhaust steam from the collector then 
no longer suffices, and a certain quantity of vapor is then drawn 
off from the fore-evaporator, rather than use direct steam, which 
would be more expensive. 

The reason why a multiple effect is not as well suited as a fore- 
evaporator to yield vapors with a comparatively high pressure is 
that it would be necessary to increase the pressure in the exhaust- 
steam collector. A certain pressure should never be exceeded as 
the engines with which it communicates would cease running; yet 
it frequently happens that the pressure in the first compartment 
must exceed 0.4 of an atmosphere. In certain beet-sugar factories 
the counter pressure is raised to one atmosphere. In such cases 
the greatest regularity is needed in the working of the multiple 
effect, for, when the slightest perturbation occurs, it necessitates 
opening a safety valve which permits the exhaust steam to escape 
into the air, and this involves considerable loss of caloric. The 
advantages of the fore-evaporator are consequently self-evident. 
Yet, while one may realize and admit its advantages, it cannot be 
introduced into all beet-sugar factories, as sometimes there is at 
one’s disposal more exhaust steam than can be utilized. The waste 
of the exhaust steam would be greater than without it. In many 
cases the steam engines yield more exhaust steam than they should. 

From what has been said it becomes evident that when the 
Juice is partially evaporated in the fore-evaporator the multiple 
effect has far less work to accomplish in order to concentrate the 
juice to a given density, and the caloric lost in the injecting con- 
denser is therefore considerably diminished. The natural con- 
sequence is an important fuel economy which reaches its maxi- 
mum when the fore-evaporator can supply the caloric necessary 
for all the heating. When the juice remains too long a period in 
the fore-evaporator, where it is raised to a temperature of about 
123° C., there is always a possibility of its coloration, notwith- 
standing the fact that there is no danger of a caramelization of 
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the sugar, and in order to obviate this difficulty the fore-evaporator 
has, in some cases, upper and lower partitions which rest upon the 
tube plates and force the juice to circulate from its entrance until 
it leaves the appliance. This arrangement prevents the juice 
from remaining in any one spot, and it is being constantly renewed 
on every part of the road travelled. The introduction-into the 
first compartment of hot juice from the fore-evaporator, in which 
it is raised to a temperature higher than the boiling temperature 
prevailing in that section of the multiple effect, necessarily has 
the effect of causing the juice in question to throw off an abnormal 
quantity of vapor upon its entering there, and prevent just 
that much condensation of the exhaust vapors in the compartment 
under consideration. 

The excess of heat stored up in that juice can be utilized to 
raise the temperature of the Juice to be evaporated, as the latte? 
is always a little colder than the temperature prevailing in the 
fore-evaporator. An apparatus (Fig. 95) is used consisting of a 
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Fia. 95.—Heat Recuperator. Fie. 96.—CuriIn Multiple Heating. 


tubular attachment, J, called a heat recuperator. The cold juice 
is pumped into it through K, and circulates through the tubes 
from bottom to top to enter into the fore-evaporator through 
the regulating valve L. The hot juice leaves by the valve, M, 
and also passes through the heat recuperator from top to bottom 
on the exterior of the tubes, and then through N into the first 
compartment of the multiple effect. The hot juice passing out- 
side of the tube gives up a certain amount of caloric, which neces- 
sarily heats the cold juice circulating in the opposite direction, 
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and these enter the fore-evaporator comparatively hot. The juice 
on its way to the triple effect through the pipe, N, will be suffi- 
ciently cool not to produce in the compartment the phenomena 
mentioned in the preceding case. 

In Fig. 96 is shown the interesting CurrIn mode of multiple 
heating. Instead of resorting to open or closed modes of reheating, 
as generally used, these reheaters have the same shape and work 
exactly like the compartments of multiple effects. The reheating 
is done either with live or exhaust steam. The heating surfaces 
can be taken comparatively small, as the aim is not to evaporate 
but to heat. The vapors from the third reheater, C, are at a 
temperature of 80° C., and they may be employed for special 
reheating of diffusion juices, for example. This reheating is 
then effected in open reheaters, V, and the non-condensed vapors 
are sent into the tubular cluster of JV, where they assist the 
evaporation. If it is not desired to use the reheater V, the steam, 
instead of passing through the valves Z,; and Z3, may directly 
enter the tubular cluster of /V. The vapor necessary for the 
vacuum pan, F’, is taken from the compartment, J, as in the Lrxa- 
RILLIEUX method. The vapors and the juices in the reheating 
compartments, A, B, and C, are respectively at temperatures of 
100°, 90°, and 80° C. Thus the degree of temperature at which 
the heating renders the most satisfactory results may be selected, 
and the juice is circulated in each one of these special reheaters. 
In the example under consideration CuriINn supposes that the juices 
from the sulphitation tank circulate through A, the juices from 
filter presses of first carbonatation into B, the filtrate from the 
second carbonatated juices in C, and the diffusion juices in V. 
Nothing has been heard of any practical application of the process. 

Weibel-Piccard method.—An interesting system from a theo- 
retical point of view for the reutilization of steam, which has not 
up to the present time been practically adopted, but would permit 
the reduction of the steam consumption below 60 kilos, is based upon 
the fact that the vapor liberated from the juice in the first and 
second compartments may be compressed to the pressure of the 
exhaust steam used for heating by the use of suitable pumps, and 
may in this condition be employed for heating. Who should 
receive the credit of this idea remains a subject of discussion. 

In 1871 FEu1x! patented a process on very much the same 
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_ principle as the Wrrpet-Piccarp method. The latter may be 
applied in different ways. If during evaporation there were no 
non-condensable gases liberated it would be possible with one 
apparatus to obtain a closed cycle. The exhaust steam! from 
the engines would enter the tubular cluster of the evaporator, 
the vapors liberated from boiling juices would be continuously 
compressed in the tubular chamber, and the exhaust steam would 
compensate for the heat loss in the condensed water. Evidently 
this mode can be introduced only when the pressure pumps can 
be worked by hydraulic means; and, furthermore, it follows that 
the vapor thus compressed would be superheated. According to 
CLAASSEN,! however, superheated steam is not utilizable for 
evaporating appliances, for as long as it has not cooled to its 
saturating temperature it acts like a gas that will slowly transmit 
its heat to the sides of the receptacle in which it is placed. Even 
with the injection of water the superheat will not condense quickly 
enough. TockeEr? states that by the WrrBeL-PiccaRp mode there 
follows a superheating of about 13° C. 

MALANDER, however, who operated a multiple effect with super- 
saturated steam declares that no difference in the working of mul- 
tiple effects was noticeable when saturated steam or superheated 
steam at 230° C. was used. CLAASSEN points out another ob- 
jectionable feature, namely, that as the compressing pumps should 
be liberally lubricated, the compressed vapor will contain con- 
siderable oil, which deposits upon the pipes and thus diminishes 
their heat transmission. MALanpErR takes exception to this, and 
says that there is no reason for excessive oiling of the pressure 
cylinder, any more than for the giving of especial attention to the 
engines, the exhaust of which is utilized in evaporation, and does 
not cause any grease clogging of the portions with which it comes 
in contact. 

There is certainly ample authority for the belief that the 
WEIBEL-PiccARD mode has a possible practical future. The 
principle has already been working at the salt establishment of 
BtviEux (Switzerland) ? since 1878. Horsin-D&on# says that a 
beet-sugar factory having free motive power could compress the 
vapors on their way to the condenser, so that the sugar plant 


1 CLAASSEN, Zuckerfab., p. 150, 1901. 
“B. Ze, 4, 141,- 1883. 

3 Oe.-U. Z., 8, 479, 1879. 

* Horsin-Dton, Traité II, 2, 658, 1901. 
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need not consume more than 45 kilos of coal per ton of beets 
sliced. This would mean a saving greater by at least 20 to 25 
per cent than is realizable in the most modern and best-constructed 
sextuple effect. 

In Fig. 97 is illustrated the practical working of the process 
under consideration, in which there is a reutilization of the vapor 
for evaporation. The live steam used in the cylinder, A, gives 
sufficient power for the compression. The exhaust steam from 
the engine, A, passes into the first compartment of the triple effect, 
C, D, E. The vapor obtained from the compartment, C, is used 
first of all for the evaporation of the juice in D, the vapors from 
which are in the same way utilized in H. The vapors from the 
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Fic. 97.—WEIBEL-Piccarp Method. 


last compartment are condensed in F. A portion of the vapors 
from C are drawn off through H into the compressor, B, from 
which they are forced back into the tubular cluster of C. 

In Fig. 98 is shown another application of the same idea. The 
vapors escaping from the tandem motor with double expansion, 
C and C’, are utilized to evaporate the juice in the triple effect, 
A,A’,A’. The live steam from the boiler, G, passes into the cylin- 
der of C. Alongside of the triple effect works a special apparatus, 
B, the vapors from which are drawn off by the pump, P, and 
forced back into the heating chamber of B. In order that prac- 
tical results may be obtained it is necessary to replace the caloric 
lost in the water of condensation either by live or exhaust steam. 

UrBAN’s! experiments point to the possibility of using a 
double-effect evaporator by resorting to the WEIBEL-PiccaRD mode, 
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in which, however, a portion of the vapors from the first com- 
partment are compressed in the tubular chamber of this same 
compartment. There are evaporated 4.4 kilos of water for one 
kilo of exhaust steam taken from the exhaust-steam collector. 
It is interesting to note that in an ordinary double effect one kilo 
of steam will evaporate 1.9 kilos of water, while for a triple effect 
the evaporation is 2.85 kilos of water, in a quadruple effect, 3.7 
kilos of water, and in a quintuple effect, 4.3 kilos. 

It has been proposed by Srntwiac and Lance that injectors 
be used to force steam into the heating portion of the tubular 
cluster of one of the compartments of a multiple effect, the steam 
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Fic. 98.—Variation of WEIBEL-PiccarD Method. 


used for the purpose to be taken from a receptacle where the 
tension is lower, as, for example, the liberated vapor from the com- 
partment that follows in the series. It is claimed that under 
these circumstances the latent heat of the vapor drawn off will 
be added to that of the additional live steam injected, and that 
an important economy will result. This method has been put 
into practice by Mtocurwski.! The vapors of the first compart- 
ment are used again after being mixed with live steam. The 
combination is effected by the use of an injector. To this injector 
is brought a pipe taking up a portion of the vapor liberated by 
the juice during boiling. The vapor is drawn by suction into 
the injector by live steam, which must always be used during 
evaporation in plants where the exhaust steam is not in excess. 
The live steam in question compresses the more or less expanded 
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vapors taken from the evaporating appliance. They can thus 
effect a boiling of the juice in the first compartment and utilize 
its latent heat of evaporation in the multiple effect. Under these 
circumstances it becomes possible to use the vapors of the second 
compartment for a second time. It is claimed that by such a 
procedure the activity of the first and second compartments of a 
triple effect is greatly increased. The utilization of the last com- 
partment of a multiple effect by this mode would offer some difficulty. 

CLAASSEN! discusses with considerable authority the ques- 
tion of reutilization of low-pressure steam from the multiple effect 
for the evaporation by the use of an injector. He says that it 
is not possible to again use the vapors of the last compartment, 
as the steam injected will not force the pressure of the vapors 
to more than 0.8 of an atmosphere. Consequently, only the 
vapors from the compartment before the last may be again utilized; 
and even then to obtain some practical results it is necessary that the 
combination be most favorable for the working of the injectors. 
For example, the entrance steam valve should be entirely open 
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Fie, 99.—Freitaa Vapor Recuperation. 


and the pressure of the injected live steam should:be at least five to 
six atmospheres. When there is an irregular evaporation this 
can only be realized by placing upon thetheating chamber of the 
first compartment several injectors of different sizes, which are 
used simultaneously or separately, according” to the importance 
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of the evaporating work to be accomplished. The caloric of 
the live steam is entirely utilized, for the reason that the loss 
of heat through expansion is compensated for by an increase 
obtained in compressing the vapor at low pressure. In the ex- 
amples given in the first compartment of a quadruple effect are 
compressed the vapors taken from the second, from which there 
results an economy of 3.8 kilos of steam per 100 kilos of beets 
worked. If the vapors of the third compartment are compressed 
in the same manner, the resulting economy is said to be 5.2 kilos 
per 100 kilos of beets sliced. These data form an argument 
for a practical trial of the idea. 

The drawing herewith (Fig. 99) illustrates very much the same 
principle, but instead of injectors a small propeller put in motion 
by an electromotor is used to force the vapors into the evaporator.! 

Multiple-effect reheaters.—For the reheating of juices at differ- 
ent stages of sugar extraction from beets, the reheaters already 
described under another caption are used. Certain advantages 
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Fia. 100.—RExBovux Evaporator and Reheater. 


are also claimed for the use of special reheaters placed between 
the different compartments of a multiple effect. Fig. 100 shows 
one of the Rmspoux evaporating combinations, in the interior 
of which is arranged a reheater for the application of the Lrxa- 
RILLIEUX method. The vapors liberated from the juice in A 
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run through B into the reheater C, then through D into the next 
compartment of the series. When for any special reason the 
reheater is no longer needed, the valve E is closed and F opened, 
this allowing the vapors to circulate from one compartment to 
the other, as they do in the standard multiple effects. ‘The water 
condensing on the surface of the tubes of the reheater is collected by 
a sheet-iron disk and escapes through the pipe, g, into the purger G. 

Generally it is not customary to adopt this mode of heating 
between each compartment of a multiple effect. . One reheater, 
however, should be placed in the passageway of the vapors from 
the last compartment to the condenser, and for this purpose the 
horizontal type is generally used. Circulating through it are 
the diffusion juices having a temperature of 30°C., while the 
vapors from the effect are at 60°C. In many factories one hesi- 
tates to use these appliances for this purpose, for the reason that 
the liquid to be heated is at a pressure greater than that of the 
vapors used as a heating medium, and there is always danger, 
under these circumstances, of losses of juice through leakage. By 
repeated examination of the water of condensation one may fol- 
low the existing conditions very easily—suitable tubes and cocks 
allowing samples to be taken. 

Purging cocks are necessary to give free exit to the gas that 
is generally formed, as the cold diffusion juice from the measuring 
tank contains considerable air, and this, if allowed to collect, could 
influence the circulation in a very important degree. In cases 
where the measuring tank is at an elevation considerably above 
the reheater, a pipe open on top extending to an elevation a little 
above the tank under consideration answers the purpose; this 
obviates the constant opening and closing of the purging cock. 

In these special reheaters the combination should always be 
such as to allow the condensed water an easy escape, otherwise 
it would influence the vacuum existing in the multiple effect. 
In cases where the pipe connecting the reheater and the last com- 
partment of the effect is bent downward, the lowest portion of 
the bend should have a pipe through which the condensed water 
may be removed. The vapors that are not condensed in the 
reheater pass into the condenser. In case the exit pipe of these 
vapors is not placed on the upper part of the heating chamber, 
special precautionary measures should be taken for the removal 
of the ammoniacal gases through a pipe passing from the top of 
the heating chamber in question to the condenser. 


GlENP Cie pL: 
PRACTICAL CONSIDERATIONS. 


Starting a multiple effect.—The air pump is set in motion and 
the water-injecting valve of the condenser is opened. The large 
_ valve between the last compartment of the effect and the condenser 
is then gradually opened, and all the ammoniacal gas-exit cocks 
are thrown open, so that the vacuum may be obtained successively 
in each of the compartments. The ammoniacal pump is started 
after making sure that the valves of the pipes COPE CALS with 
each other are closed. 

Juice is successively drawn into the porestents so that they 
may be filled with the least possible delay. In case the evaporation 
is to be conducted on the basis of a high level, the last compart- 
ment should contain less juice than the others, so that the juice 
drawn off may have the desired concentration from the start. 

As soon as the first compartment is full of juice the exhaust-steam 
safety valves are regulated. The steam valves of this compart- 
ment are very gradually opened, and the boiling soon commences. 
At the start, MALANDER says, the vacuum in this first compartment 
may be as high as possible, as this naturally hastens the boiling, 
_ and the interval of time before the next compartment is in full . 
activity is thus much lessened. But as soon as the boiling becomes 
too active in the second compartment the ammoniacal-gas valves 
of the heating chamber of the said compartment are gradually 
closed. At that instant the air will have been driven off. The 
vacuum in the first compartment is lessened and from this time on 
is kept in its normal condition, which necessarily means that the 
resulting vapors will rapidly boil the juices in the second com- 
partment. The operations in the other compartments do not differ 
from those in the first. 

During the interval of time needed for the full starting of the 


multiple effect there necessarily occurs a considerable accumulation 
149 
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of juice, hence it is reeommended that the evaporation be begun 
as soon as the first carbonatated juices can be introduced into the 
apparatus. 

When the evaporation is conducted at a low level, this juice 
accumulation is very much less. In order to get the multiple 
effect in full activity upon the arrival of the juices to be evaporated 
certain factories start the apparatus with water before juice is 
available. This mode evidently causes some dilution of the juice, 
and its advantages and disadvantages are open to discussion. 

Normal working.—<As soon as the juice in the last compartment 
boils, the regular working of the apparatus may be said to begin. 
Under another caption has been explained the manner in which the 
juice circulates in a multiple effect. It is interesting at this point 
to follow some few of the phenomena which are readily observable. 
When the juice to be evaporated enters the compartment where the 
boiling temperature is lower than that of the juice itself, large 
steam bubbles will be formed which might result in important 
losses through entrainement. By having the entrance suction pipe 
for the juice from one compartment to another at the bottom of the 
receptacle the difficulty may in a measure be overcome, and the 
bubbles formed may help the circulation of the juice. There are 
advantages in having the juice communication between the com- 
partments as low as possible, as the passage of the juice from one 
compartment to the next is thus very greatly facilitated. As the 
juice must not rise to a certain height, it runs from one section 
into the next, even if the difference of vacuum in the two compart- 
ments is very slight. . 

Reversing the circulation.—The idea of reversing the circula- 
tion in a multiple evaporator has been proposed by CamusET and 
CAILLIATTE,! the juice entering the effect in the last compartment, | 
and the syrup being drawn off from the first. This change in the 
method of working offers special advantages, but has, on the other 
hand, certain objectionable features. The ammoniacal vapors are 
more readily carried by the vapors into the condenser, and, the 
heat transmission of the last compartment being less, it is partly 
compensated for by the higher specific heat of the juice. 

The high temperature at which the syrups leave the apparatus is 
favorable to their filtration. The losses through entratnement are 
lessened by this mode, as the syrups boil in a medium where the 
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maximum pressure prevails, and consequently where the vapors 
have the least volume and the least velocity. This mode, however, 
necessitates a series of pumps in order that the liquid may pass 
from one compartment to the other, and pumps always entail cer- 
tain perturbations in the general working of the apparatus. This 
method has been applied with success in the Line multiple effects. 

Level of the juice.—The passage of the juice of a multiple 
effect from one compartment to another should be continuous and 
not by jumps and starts. The person in charge soon learns to 
regulate the communicating valves in such a way that it is seldom 
necessary to change their position, provided that the juice flows 
regularly to the evaporating:apparatus. The juice is kept at the 
desired level, which depends upon whether the apparatus is working 
at high or low level, and the concentrated juice is continuously drawn 
off from the last compartment in such a way that the level always 
remains the same, and theexit"flow always has the same degree of 
concentration. To accomplish this no special expert labor is needed, 
any one in and about the’factory when once taught can accomplish 
the desired end. When the valves have been properly regulated, 
the level and the concentration will vary only in a very slight degree. 
aoe rectifications must, however, be made from time to time. 

“= Several automatic devices for juice regulation have een satis- 
ee but for various reasons 
they have never met with the favor 
one might suppose. However, in 
the LILLIE evaporator they have 
met with great success. 

In Fig. 101 is an outline draw- 
ing of an apparatus of this kind. 
Suppose the evaporation to be con- _ 
ducted at low level: A receptacle, 
B, contains a float, S; it is in con- ~ 
nection with the lower and upper 
part of the compartment, A, 
through the pipes (a) and (c) respec- a 
tively. When the juice falls lower F1¢. 101. = CLAASsEN’s Level 

egulation. 
than the level XX, the float, S, 
works the valve, V, which allows the juice to enter the compartment, 
and when the level is normal all communication ceases as the valve, 
V, is closed again by the float, S. 
The Leurson regulator is also very simple in its construction. 
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It consists mainly of a box containing a float which acts upon a 
valve. The juice circulates from one compartment to the next 
through these regulators. When the level is too high the float cuts 
off communication with the juice tank or the preceding compart- 
ment. The scheme shown in Fig. 102 gives a very clear idea of the 
manner in which the floats work, as attached to each section of the 
apparatus. The float C regulates the volume of syrup being drawn 
off; it works when the density of syrup becomes too high in J/J, but 
in the opposite direction from B. The pump, £, is then set working 











Fic. 102.—Lxrurson’s Level Regulation. 


and the syrup is drawn off. Floats of the same kind may be used 
to regulate the exit flow of the water of condensation. 

Vacuum in different compartments.—Provided all the essentials 
mentioned in the foregoing are present, there will exist a normal 
vacuo in each of the compartments, the variations of which will 
depend upon the pressure of the escaping steam, the vacuum in 
the condenser, or the opening of the ammoniacal-vapor pipes. 
Experience alone can determine to what extent these cocks should 
be opened. No data are known by which to determine the desirable 
limit for the removal of these vapors. In cases where pipes of an 
exceptionally large diameter are opened beyond a certain limit, 
the desirable difference of pressure between the two compartments 
will no longer exist, and the vapors will flow to the condenser 
without being properly utilized. 
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In many factories it is customary to have a fall of pressure 
about the same in each compartment; for example, a vacuum of 
0.2, 0.5, and 0.8 atmospheres, in the first, second, and third com- 
partments respectively, corresponds in practice to falls of temperature 
of 93°, 81°, 61°C. It may be noticed that between the second and 
third compartments a notable difference exists. When it is desired 
to increase the efficiency by introducing more steam, the temperature 
and pressure of compartments J and JJ will necessarily increase, 
and the difference between JJ and III becomes even greater than 
in the foregoing example. Upon general principles it may be 
said that the difference between the vacuum and the temperature 
will finally become self-regulating within reasonable limits. How- 
ever, it may happen that at a given moment the difference between 
the temperature of the two communicating compartments decreases 
considerably, and this would indicate some abnormal condition of 
working, due probably to the accumulation of non-condensable 
gases, condensed water in the calandria, or incrustations upon the 
tubes coming in contact with the juice. 

According to Horsin-Dton,! the temperatures of the steam in 
the exhaust collector and in the four compartments of a quadruple 
effect are as follows: Exhaust collector, 112° C.; lst compartment, 
105.5° C.; 2d compartment, 96° C.; 38d compartment, 84.5° C.; 
4th compartment, 67°C. Ina quintuple effect, 112° C.: 1st, 106° C. ; 
20,.99'5° C.-- 3d, 91°C... 4th, 79°C.) 5th, 60° C. 

Regulating steam introduction.—In regulating the quantity of 
steam introduced in the first compartment, one must take into 
consideration the rapidity at which the evaporation is to be con- 
ducted. If the exhaust steam from the collector is not sufficient to 
meet the demands at a given moment, then live steam must be 
used. Precaution must be taken not to raise the pressure in the 
exhaust collector to a point that will influence the working of the 
engines with which it is connected. Dzxssin? says against many 
other experts that the increase of pressure in the exhaust-steam 
collector does not increase the efficiency of the apparatus in any 
important measure. 

In some cases the first compartment is worked by the intro- 
duction of a certain quantity of live steam into special coils or 
apparatus connecting with it. As the volume of the exhaust 
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steam from the machines of a beet-sugar factory is generally not 
sufficient for the evaporation, its entrance valve need very rarely 
be closed, except when the volume of juice entering the multiple 
effect in a given time is reduced; the non-utilized steam should 
then escape into the air through a safety valve of suitable dimensions. 
It is not advisable to introduce water into the apparatus during 
this emergency, as this would lessen the purity of the juice owing 
to the foreign substances that water generally contains. 




















Fic. 103.—WERNICKE Fig. 104.—Scuoor Pressure 
Feed Valve. Regulator. 


Sometimes, with the view of regulating the quantity of live steam 
coming to the assistance of the exhaust steam used during evap- 
oration, special automatic valves are used that are adjusted to 
the pressure existing in the apparatus into which the live steam is 
to be introduced. The WERNIcKE (Fig. 103) feed valve consists of 
a small piston, B, which falls when the pressure of the steam 
chamber is lessened; the column, C, of water or mercury follows 
this motion, acts on the lever, D, the rod, EH, and the balanced 
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valve contained in A, which is then opened and live steam enters 
the calandria. When the desired pressure is reached the piston, B, 
and the steam valve just described are closed. By this arrangement 
the pressure may be regulated by the quantity of water or mercury 
contained in C. 

In Germany several types of valves have been proposed varying 
more or less from the one described. The ScHoor pressure regulator 
(Fig. 104) is one of them. It consists of a valve, c, which allows 
the passage of such a volume of steam as is requisite for the heating 
of the first compartment of a multiple effect when the apparatus is 
first started. At the same time a smaller volume of vapor passes 
into the tubular cluster through e, 7, and g. When the compart- 
ment is already under a certain pressure, the valve, c, is forced 
downward owing to the pressure exerted upon k by the vapor 
coming from 6 through the pipe g. Under these conditions the 
steam entering through a passes only into e, then through a valve, 7, 
and continues through ginto b. If the pressure becomes still greater 
in 6 it will press upon the piston, n, and the levers p and q, and 
finally close 7, under which conditions all communication with the 
steam boilers ceases. It is claimed that the working of 7 may be 
regulated with great accuracy by the means of the spring r. 

The Dunac-RIuuieux valve (Fig. 105) consists of an ordinary 
valve, A, on the top of which is a metallic truncated portion, B. 
If the steam is at a desired 
pressure when escaping through 
the valve it will react upon B, 
and bring about an equilibrium, 
under which circumstances its | 
opening will be proportional to the } 
difference of pressure on the two c= By j 
eigecuOle a awl his device ig very. - ‘4 
sensitive in its working. The i 
valve in question is loaded with LM 
a counterpoise, F (acting through Fig. 105.—Duuac-RILtLigux Valve. 
the lever H, and the rods C’,C), which keeps the valve upon its 
seat. A bronze cylinder, D, with circular grooves slides in a 
bronze sleeve, and is substituted for the packing. The steam, 
after escaping from B, enters the tubular cluster through G. 

FRAEMBs and FREUDENBERG ! combine the steam entrance valve 
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and the valve for the evacuation of condensed water, so that any 
motion given to the one will be immediately transmitted to the other. 
Under these conditions the openings of the valves regulate each 
other, and irregularities in their working are eliminated. In some 
other appliances the admission of the steam is not regulated by 
the prevailing pressure in the tubular cluster, but by that in the 
vapor chamber of the compartment. 

Density regulator.—lIf, by starting the multiple effect, the con- 
centrated juice or syrup from the last compartment is not drawn 
off until it has a density corresponding to 30° Bé., there will be an 
abnormal accumulation of juice in the other compartments; and 
therefore this drawing-off should commence before the standard 
concentration has been reached, say at 20° Bé., and the ideal 
conditions will be attained by degrees. 

Syrup samples.—To obtain a sample of the juice during its 
several phases of concentration, a test tube is used which com- 
municates with the juice-level indicator. The spindle used should 
evidently be graduated for high temperature, say 65° C.; otherwise 
its reading is not correct. In Fig. 106 is shown this arrangement 
for sampling syrup. The syrup-level gauge, e, communicates with 
the compartment of multiple effect by means of the cocks, a and b. 
When ¢ is full of syrup the cocks, a and b, are turned so as to occupy 
the position +. Air then enters through c, and the syrup may 
run off through d into the eprouvette, /,holding the spindle. The 
eprouvette may be emptied by placing 6 in the position T. Sample 
for analysis may be drawn from another cock to be connected with 
the lower part of the test tube. 

Numerous appliances have been used permitting a continued 
density determination. ScHANDER! brings into a V pipe a small 
pipe communicating with the force pipe of the syrup pump. One 
of the arms of the V is slightly higher than the other, thus exerting a 
sl ght pressure which facilitates the flow over the other arm. The 
latter contains an areometer, allowing the pan man to ascertain at 
any time the exact density of the syrup. The juice or syrup 
running off is collected and sent back to the pump. 

The HrcKMANN apparatus (Fig. 107) works upon the same 
principle, but is continuously under vacuo. It consists of a glass 
receptacle, d, hermetically closed, in which there is the same 
vacuum prevailing as in the compartment, A, with which it com- 
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municates through the small pipe e. The concentrated juice is 
drawn from A by a pump and passes through the pipes m, 0, c. 
Upon o there is a branch pipe, n, communicating with d through f, 
and the liquid that overflows is collected in b, and returns to the 
pump through the main pipe. A spindle is placed in the test tube 
f, and through the glass of d the density may be read. Two valves, 
7 and k, allow the syrup to be drawn from the pump without passing 
through d. 
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Fic. 106.—Syrup Sampler. Fia. 107—HrckMANN Syrup Sampler. 


Density indicators.—The TournEuR! density indicator (Fig. 108) 
is based upon the principle that when two tubes, m’ and n’, of the 
same section, are plunged into a liquid at a determined distance 
from each other (m—n), they will be under a difference of pressure 
varying with the specific weight of the liquid. The apparatus 
consists of two reservoirs, A and 6, communicating by a glass tube 
T. From each of these reservoirs run tubes, m’ and n’, of one 
centimeter section, which penetrate the liquid being evaporated to 
depths one meter apart. The glass tube being filled up to a certain 
height with any liquid, water for example, the passages of the small 
pipes, U, are opened for the entrance of the air into the two 
reservoirs. When this opening is once regulated, it becomes possible 
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to stop the water in the glass tube at any height desired, representing 
each time a density determined in advance. With the slightest 
variations of density, there will follow a variation in levels, and the 
densities are read from a graduated scale upon the glass tube, 
which may be graduated by practical experiments. 

There is another type of density indicators, as designed by Divis 
(Fig. 109). A float, P,is suspended by a wire, D,toaspring, J. The 
float always remaining submerged, its reaction upon the spring will 
depend upon the density of the syrup. The wire, D, is attache at 
I to a portion of a cog-wheel, which works a pinion. Upon the 
pinion is a pointer, A, which indicates upon a dial the varying 
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densities of the syrup in which P is submerged. The graduation 
The PasscHE! 


of the dial should be determined by experiment. 


arrangement worked upon very much the same principle as the 
Drvis combination, with the advantage, however, that an automatic 
correction of temperatures on the density readings was made, and 


consequently the corrected density was read upon the scale. 


Density regulators.—Other devices permit the syrup to be 
drawn off only when the desired density is reached. The KorrtTuM 
density regulator (Figs. 110 and 111), as applied to juices being 
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concentrated in a multiple effect, consists of a cylindrical receptacle, 
a, which is connected by two tubes with the evaporating apparatus. 











Fic. 110.—General View of Kormrtum Density Regulator. 


The juice enters by the lower pipe, 0, and leaves by the upper, w, 
owing to the density and temperature. The float, b (Fig. 111), 
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Fig. 111.—Detail of Koznrtum Density Regulator. 


placed in the interior of the receptacle a, raises a balanced valve, /, 
as soon as the desired concentration is obtained. Upon the lever, 
h, a counterweight, g, moves with the assistance of a screw, h. The 
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position of this weight determines the up-and-down motion of b, 
and is decided upon in advance. The counterpoise’s position, and 
consequently the working of the apparatus, may be regulated from 
the outside by the means of a rod, 7, having a top crank and conical 
gearing, which forces the screw-threaded rod, h, to revolve. The 
weight, g, is at once set in motion, its position on the lever being 
indicated upon the dial, r, set in motion by the endless screw, p. 
If the indicator says ‘‘closed,”’ the solution is not concentrated 
enough; and if ‘‘open,” the concentration is sufficient, meaning, at 
the same time, that the valve connecting with the monte jus was 
open. When this regulator has a pump attachment it must undergo 
a few modifications to meet the special requirements that then 
present themselves. On the Liniim evaporator, there is a very 
simple density regulator, mentioned under another caption. 

It is shown by practical experience that it is not desirable to push 
the concentration beyond a certain limit. If carried beyond 60° 
Brix (383° Bé.) a decided elevation in the boiling point and an 
increase in the viscosity of the juice results, with an increased 
pressure in all the compartments of the multiple effect. The useful 
fall of temperature decreases and the increase of viscosity decreases 
the coefficient of transmission; this reduction is two-thirds for a 
syrup at 50° to 60° Brix, while, for a thick syrup of 70° Brix, the 
coefficient is only one-third of what it originally was. It is frequently 
maintained that the lowering of the specific heat of concentrated 
juices has an influence on this coefficient, but CLAASSEN considers 
that this hypothesis is incorrect. 

It frequently happens that, when excessive concentrations are 
reached, the point of saturation of sugar solutions will have been 
exceeded, and this brings the sugar about to crystallize in the pipes, 
valves, etc., causing numerous complications. The concentration 
in the other compartments cannot be regulated with the same ease, 
as it depends upon numerous factors. In case exceptional demands 
are made upon the multiple effect, the syrup is drawn off at a lower 
density than previously mentioned. If the syrup has a tendency 
to become excessively concentrated, a copious supply of juice may 
be drawn into the last compartment; the condition, however, being 
that a corresponding quantity is pumped off with the least possible 
delay. On the other hand, if the syrup in the last compartment of 
the effect is too diluted, the entrance valve of the preceding: com- 
partment and the valve connecting with the syrup pump are partly 
or entirely closed. From what has been said in the foregoing, it 
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may be concluded that the surveillance of the working of the 
apparatus should be based upon the following rules: 

First, that the amount of steam used shall correspond to the 
volume of juice to be evaporated; second, that the pressure in the 
first compartment and in the exhaust-steam collector shall not 
exceed a limit determined in advance; third, that the vacuum in the 
compartment of the concentrated juice shall be kept at the uniform 
standard; fourth, that the level of juice in all the compartments of 
the multiple effect shall be kept as low as possible; fifth, that tke 
concentrated juice shall be regular y drawn off at a uniform density 
from the last compartment. If these conditions are maintained, 
most of the other essentials take care of themselves. 

Handling a Pauly-Greiner multiple effect.---No special instruc- 
structions are needed to handle the Pauty-GREINER multiple 
effect, with its fore-evaporator, which supplies the requisite vapor 
for the first compartment of the effect. Care should be taken that 
the pressure of the exhaust steam does not become abnormally high. 
When the juice is run from the fore-evaporator into the effect, there 
follows a decided fall in the prevailing vacuum of the first com- 
partment, which is due to the liberation of a certain amount of 
vapor, as previously explained. Less condensation of the exhaust 
steam in the calandria results, and the pressure in the tubular 
cluster and in the exhaust-steam collector will necessarily increase. 
To prevent losses through the safety valves, the quantity of vapor 
taken from the fore-evaporator into the first compartment should 
be lessened, if any is taken at all. 

CLAASSEN proposes that only a portion of the carbonatated juice 
shall be drawn into the fore-evaporator, under which circumstances 
the volume of juice at high temperature entering the first com- 
partment of the effect becomes very much less. It is consequently 
recommended that there be introduced into the fore-evaporator a 
volume of juice that will keep within a limit of corcentration not 
higher than 15° to 20° Brix. The remaining juice is drawn into 
the first compartment of the multiple effect, where it comes later in 
contact with that from the fore-evaporator. 

In certain cases, it is impossible to utilize in the multiple effect 
all the exhaust steam from the collector, and under these circum- 
stances the working of the fore-evaporator should cease. Upon 
general principles, the fore-evaporator should be actively worked 
only when the multiple effect is in full running order, as it then gives 
important assistance in furnishing all the supplementary calorie 
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needed. During the first stage of the fabrication, the juice in the 
fore-evaporator is brought to 100° C. without boiling. When 
starting and when working up the juices, asis the case every time 
a long lasting stoppage is expected, direct steam is, however, needed 
for the vacuum pan or the reheaters, while the first compart- 
ment of the multiple effect and the fore-evaporator are not yet in 
full activity. The steam valves placed on the reheaters and 
‘vacuum pan with this view should be very carefully watched, so 
as to prevent their being unnecessarily opened. For this reason, 
the hand wheels should be removed, or should be under lock and 
key, during the regular work. CLAASSEN advises, instead of using 
a steam valve for each apparatus, to have one large valve, either 
on the pipe conducting exhaust steam used for heating, or upon 
that carrying the vapors of the fore-evaporator, as one valve is 
more readily looked after than several. 

Requisites for the fore-evaporator.—When starting the fore- 
evaporator, all the air- and water-purgers upon the heating chamber 
should at first be left open. The live-steam valve is gradually 
opened. The portions of the apparatus in which the juice is 
boiled, and those in which the steam circulates, should be thoroughly 
tested before the campaign commences. The pressure to which they 
are submitted must be twice that under which they are to be subse- 
quently worked, and there should be suitable gauges, etc., such 
‘as are used on the compartments of the effect. Precaution must be 
taken by sampling the juice from the fore-evaporator, because a 
certain pressure prevails in the apparatus which projects the juice 
with considerable force when any communication is made with the 
‘exterior. 

The consumption and production of vapor in the fore-evaporator 
are extremely variable, much more than in a multiple effect; for it 
‘connects with many of the heating stations, in which the con- 
‘sumption is likewise very variable. It is especially high when a 
‘new strike in a pan is about to commence, for then a considerable 
portion of the water from the thick syrup must be evaporated in 
a relatively short time. On the other hand, when the graining is 
nearly completed, live steam is used and the fore-evaporator is not 
called upon for its caloric. 

It may occur also that all the exhaust vapors from the machines 
of the factory cannot be utilized in the first compartment of the 
multiple effect, owing to a temporary stoppage, and during this 
interval the fore-evaporator is consuming a considerable volume of 
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steam taken from the boiler, while the non-utilized exhaust steam is 
escaping into the air. ‘To avoid this, CLAASSEN proposes that a suit- 
able valve connect the exhaust-steam pipes with the vapor pipe of 
the fore-evaporator, this valve to be kept always open during the 
working. Under these conditions, there is a common pipe for 
exhaust-steam and the vapors of evaporation, from which diverge 
all the ramifications connecting with the reheaters and the vacuum 
pan. In the fore-evaporator there exists, then, the same pressure 
as in the exhaust collector. The entrance of the heating vapors 
into the special evaporator may thus be very simply regulated, 
and the pressure kept at any degree desired. Thus, the vapor is 
utilized under the best possible conditions, and the general working 
is very greatly simplified, with no apprehension regarding excessive 
frothing in the fore-evaporator, when for a short period it has to 
yield a considerable volume of vapor. 

It is sometimes very difficult to regulate the pressure in the 
fore-evaporator. With but little inattention on the part of the 
person in charge, this pressure may become very considerable, 
especially if the demand for the vapors of the apparatus should be 
suddenly lessened. According to MALANDER, the juice chambers 
should have suitable safety valves which permit the vapor to 
escape outside of the factory as soon as their pressure exceeds one- 
half an atmosphere, the average pressure admitted, for an explosion 
can result when the fore-evaporator is not cared for. A case in 
point is where the pan-man opens at the same time the live-steam 
and vapor valves; the pressure will rise and one may cut off the 
live steam entering the fore-evaporator: it will be ineffective. The 
purgers for condensed water should also have safety-valve at- 
tachments. 

In the foregoing, several examples were given of automatic 
valves for the admission of steam. These are used mainly on the 
fore-evaporator. When this fore-evaporator is connected with the 
exhaust-steam pipe, the installation for regulating the arrival of 
the steam from the boilers, which is influenced by the pressure in 
the boiling chamber, may be in a measure desirable, but is not 
essential, as sudden variations of pressure seldom occur, and the 
workman in charge need only watch the exhaust-steam pressure 
gauge. | 

Another fact, not previously mentioned, which prohibits the 
maintainance of excessive pressure in the fore-evaporator and the 
first compartment of the effect, is the decomposition of sugar; but 
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these transformations are very little to be dreaded up to the limit 
of 115° C. The danger of this decomposition is very great if a two- 
atmosphere pressure is adopted, as is customary in some sugar 
factories, for then the corresponding temperature is 134° C. Most 
of the principles which govern the management of the Lrxa- 
RiLLievx mode have been described in the foregoing pages. 





CHAPTER. VIII. 
PERTURBATIONS. 


Frothing.—The perturbations which may occur during the 
working of a multiple effect are more numerous than is generally 
supposed. Evidently excessive frothing in all the compartments 
is of frequent occurrence. By the modern modes of working the 
level of the juice is kept very low in the tubular cluster, and the 
dangers of the froth being carried by entrainement into the next 
compartment is thus lessened, especially when the evaporating 
chamber is exceptionally high. In the older, high-level modes of 
working, entrainement existed and the catch-all could not prevent 
it. The froth combined with the condensed water in the next 
compartment of the series and found its way into the boilers, causing 
considerable loss and trouble. Such waters cannot be used in dif- 
fusion batteries, as the waste water from the battery would then 
contain more sugar than usual, and more sugar would be lost on 
that account. Various modes have been suggested by which to 
overcome the difficulty, but none of them has given satisfactory 
results. 

Frothing may be due to overfilling the compartment with juice. 
In no case should the end of the tubes be seen when looked at 
through the peep holes. This frothing tendency depends also upon 
the beets worked, their condition of maturity, and whether the 
carbonatation has been poorly effected. The difficulty may in a 
measure be kept under control by watching the alkalinity. Con- 
siderable frothing occurs in the fore-evaporator when there is a 
sudden removal of vapors. In the rush to force the efficiency of 
the multiple effect, the frothing is always excessive. When, for one 
reason or another, more than the usual quantity of vapor is drawn 
from the multiple effect, the frothing is very abundant. The pan 
man is frequently responsible for frothing in the multiple effect or 


in the fore-evaporator when the pan is suddenly started, a practice 
165 


166 BEET-SUGAR MANUFACTURE. 


which should never be encouraged. This frothing is most noticeable 
in the first compartment when working according to the LExa- 
RILLIEUX mode, or in the fore-evaporator when working by the 
PAULY-GREINER method. The best froth arrestor in such cases 
is a slight reduction in the vacuum by introducing a small volume 
of air by the butter cock, or by running some special fatty substance 
into the pan through it. This mode should be used only in excep- 
tional cases, as it influences the quality of the juice, rendering 
difficult the subsequent filtration of the syrups, and soiling the tubes 
with which it comes in contact. The best oils for this purpose are 
cocoa butter, castor oil, etc. Under all circumstances the water 
collected in the sugar arrestor should be frequently examined, so as 
to make sure that they contain no sugar. 

Leakages.—Another cause of sugar losses is leakage of the tubes, 
but during the normal working of the multiple effect very little 
loss from this source can occur, as the pressure of the vapor used 
for heating is always higher than that in the chamber where the 
boiling occurs, including the pressure of the column of juice. At 
joints that are not sufficiently tight condensed water and vapor 
can enter the juice, but the reverse is never the case—the juice 
cannot find its way into the heating chambers. However, in 
special instances of perturbation, the conditions of pressure may 
be completely changed, and losses of juice are then the natural 
outcome of such leakages. 

It may be said that the leakages in the evaporating chamber 
never reach very alarming proportions, provided the ammoniacal 
water is entirely drawn off, otherwise the ends of the brass tubes 
when they come in contact with the tube plates would be eaten 
away after a time. One should watch very carefully the condition 
of the heating tubes to make sure that their joints with the tubular 
disk are in a good condition. Before the sugar campaign com- 
mences, the multiple effect, after being placed in first-class condition, 
should be tested under water pressure, obtained by a water reservoir 
placed at an elevation giving a pressure of at least one atmosphere. 
In vertical multiple effects the pressure is exerted inside of the 
calandria; with the horizontal type it is on the side of the boiling 
chamber. Under these circumstances the tightness of each of the 
tubes may be ascertained. 

As soon as a leak is discovered it is important to mak=2 the neces- 
sary repairs without delay. A great mistake is frequently made: 
by plugging both ends of the faulty tube, for, as a general thing 
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when one tube is attacked, most of the other tubes are in the same: 
condition; therefore, it is better to remove the tubes entirely and 
replace them by fresh ones. After the sugar compaign all the 
tubes that have a reduced thickness should be replaced. 

Advantages and disadvantages of frothing.—The juice some- 
times shows evidence of excessive frothing, when the conditions of 
pressure vary for one reason or another. Frothing within reasonable 
limits may be advantageous to a satisfactory evaporation of juice 
‘at a low level in the apparatus, but, on the other hand, if the 
frothing is excessive the heating surfaces are not sufficiently 
moistened. All dry portions are necessarily inactive, which ex- 
plains why the pressure in the heating chamber increases during 
abnormal frothing. 

sugar losses.—It has already been pointed out that there need 
be no fear of serious sugar losses by decomposition in the multiple 
effect, provided the highest temperature attained does not exceed 
115% to 120° C., and the juices remain alkaline. No one can deny 
that small sugar losses do occur, which, however, under normal 
conditions, are not more than a fraction of a per cent. 

Barrut ! from a series of arguments concludes that the losses of 
alkalinity during evaporation are-due to certain fermentations, 
during which there is sugar inversion. More modern experiments 
and observations refute this idea, and if such losses occur, it is only 
under very exceptional circumstances. According to HorsIn- 
Dton,? the dark coloration noticeable when juices are submitted to 
exceptionally high temperatures in the multiple effect is due to the 
decomposition of foreign, organic substances, and not to sugar 
destruction. 

The Kaspar 3 arguments are of special interest. According to 
them sugar when hot undergoes the following decomposition: 
Through continued boiling at 100°C. there is an inversion depending 
upon the dilution. At 150° C. this inversion is much more rapid 
and the boiling, if continued at that temperature, will result in the 
formation of furfurol. At 160° sugar carbonizes with formation of 
humic substances, levulic acid, formic acid, etc. In an alkaline 
solution there are formed fumic, glucic, and saccharic salts. On 
the other hand, when the solutions are acid, which frequently occurs 
when sugar enters the boilers, there is formed apoglucic acid. 


1 Bull. Ass., 10, 139, 1892. 2 Ibid., 10, 469, 1892. 
8 Oe.U2Z., 17,661, 1888. 
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Under certain special conditions there are found oxalic and glycolic 
acids. 

According to WxIsBERG,! the influence of high temperature is in 
direct ratio to the concentration of the juice. SypERsKy ? estimates 
the losses caused by the destruction of sugar during evaporation 
_and graining, by determining the saline coefficient before and after 
these operations. The result obtained by this expert corresponds to 
0.18 per cent of the weight of the beets sliced. On the other hand, 
Bartut? claims that the destruction. through heat during evapora- 
tion is 0.09 per cent of sugar, estimated upon the weight of beets 
sliced. The most interesting investigations relating to sugar losses 
during evaporation are those of HmRzFrEp.4 

CLAASSEN points out that these sugar losses increase, not only 
with the temperature, but with the period during which they are 
submitted to the heat. For 100 parts of sugar there will be de- 
stroyed in an hour at 100°, 0.114 parts; at 110°, 0.163; and at 115°, 
0.175. Consequently, if the juice is evaporated in the multiple 
effect for a period lasting thirty minutes at 115°, and in another 
apparatus for a period of an hour at 100°, there would be a greater 
loss in the latter case than in the former. 

The same authority gives practical examples of the data given 
by Herzretp® His calculations are made under the following 
conditions: 

Suear Losses In A Muutreue EFFeEct. 





Time the Sugar losses. 
Kind of apparatus used. ey in 
Spee Sugar. Beets. 
; Minutes. Per cent. Per cent. 
(A) Quadruple effect working under 
high-pressure. gree. See een ee o4 1.0497 0.0065 
(B) Quadruple effect working under 
lOW: PIeSSUTC) 4/4 aie ean 79 0.0487 0.0063 


Triple effect with fore-evaporator ...... 57 0.0711 0.0092 


The evaporation of juice in a multiple effect takes a considerable 
time when the capacity of the apparatus is too great for the volume 
of juice being handled, or when the evaporation is effected with 
comparatively slight falls in temperature. 

TOLPIGUINE® calls attention to a fact based upon rational and 








1 Bull. Ass., 10, 518, 1893. 47,48, 745, 1893. 
2 Ibid., 5, 413, 1887. 5B. Z., 18, 145, 1893. 
3 Ibid., 10, 152, 1892. 6 Bull. Ass., 16, 971, 1893. 


PERTURBATIONS. 169 


practical observations. It is that the losses are in direct proportion 
to the heating surfaces. He gives the practical yields in white sugar 
of five Russian factories, in which the total weight of beets sliced 
varied greatly. These observations were continued during a period 
of several campaigns, viz., 1889, 1890, and 1891. The proportions 
for the heating surfaces are calculated in square feet for 10 puds ! 
of beets sliced. The yield of white sugar is calculated upon a basis 
of 100 parts of sugar as determined by analysis in the beets. 


RELATION BETWEEN HBATING SURFACE AND SuGAR LossEs (TOLPIGUINE). 





BIELOKOLODETZ.| KOCHANKA. MocvuiLna. Losny. TOURBOW. 


Campaign. 


Proportional 
surface 
Sugar yields. 
Proportional 
surface 
Sugar yields. 
Proportional 
surface 
Sugar yields. 
Proportional 
surface 
Sugar yields. 





ee | | | SS OE | SSS 


1350-90 100276,) 70: 901-390) 77.32) 3.91! 73.31) 3.79 4.28 
1890-91 | 7.78 | 63.59] 4.28) 73.64] 5.57} 69.29) 4.77/71.60} 6.24) 69.71 
1891-92 | 7.04 | 67.46} 4.22) 75.00) 4.75] 76.96} 5.72 5.76 











The space occupied by the juice is greater than is needed when 
it is evaporated at a high level, or when there is too much space 
beneath the tubular cluster in the vertical appliances, or between 
the tubes in the horizontal apparatus. For this reason, as explained 
under another caption, it is desirable to evaporate at a low level, 
and the multiple effects should be built in such a way as to reduce 
the dead space to such proportions as will just permit a satisfactory 
circulation of juice. One should also avoid the practice of drawing 
into the multiple effect an amount of juice that would cover the 
tube plate. When the compartments contain considerable juice, 
or when the. concentrated juice or syrup cannot be removed with 
sufficient rapidity, the efficiency of the multiple effect is diminished 
at a moment when it should be increased. 

All perturbations in the working naturally tend to prolong the 
period necessary for evaporation, and this of course means an 
increase in the chances of sugar loss. The boiling point should never 
exceed 120° C., at least not for any length of time, as the sugar in- 
version beyond that limit increases for each degree. This tem- 
perature corresponds to a pressure of one atmosphere. In case one 
is obliged to evaporate neutral or slightly acid juices (which mode 


1 The Russian foot =30.48 cm., the Russian pud = 16.48 kilos. 
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of working is not to be recommended), the boiling temperature 
should never exceed 100°, and even then serious risks are incurred. 
Under these circumstances it is impossible to utilize steam eco- 
nomically. 

Syrup pumps.—There is evidently an important relation 
between the efficiency of a multiple effect and the syrup pumps. 
When these are out of order the general working of the whole 
apparatus is interrupted, and finally ceases entirely, as a result of 
the accumulation of juice in the apparatus. It is then impossible 
to continue the evaporation without soon attaining an excessive 
concentration which may be followed by crystallization and stoppage 
of the exit pipes. The best remedy in this case is to close the juice 
valve leading into the last compartment and introduce water, 
which, however, results necessarily in lowering the purity of the 
juice. During this interval the exit pipe of this compartment 
should be thoroughly cleaned. In order that these pipes may 
be readily removed there seems to be advantage in having an 
interchangeable suction pipe placed close to the last compartment. 

Cleaning of the pipes.—To clean ! the bent pipes it is proposed 
that rods be used consisting of spiral steel wires, to which brushes 
of different diameters may be attached. The arrangement is such 
that all parts of the pipes are successively cleaned. 

Catch-all clogging.—Even in the return pipe from the last sugar 
arrestors or the catch-all of pan there may be obstructions of 
more of less importance. In order that the difficulty may be 
overcome, it is necessary to disconnect these pipes. This can be 
done without stopping the multiple effect if it is done quickly. Two 
plugs are put one in the catch-all and the other in the compartment 
instead of the disconnected pipe. When the pipe is cleaned it should 
be put quickly in its former position. In the case of the vacuum 
pan the difficulty is even less. Upon general principles, when 
these pipes are clogged by rust, etc., serious sugar losses are apt to 
follow. 

Stoppage in boiling.—For one reason or another, the boiling of 
the juice in one of the compartments may cease. It may be the 
fault of the evaporating man, who has kept the same vacuum in 
two of the directly connected compartments. Under these circum- 
stances the juice will not pass from the one to the other. Ex- 
perience shows that this difficulty may be largely overcome by 


1D. Z. I., 24, 1360, 1899. 
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having the compartments communicate at the bottom, by which 
means the juice readily circulates, even when there exists but a 
very small difference of pressure between two compartments. The 
conditions of satisfactory working can be reéstablished by pro- 
ducing the requisite vacuum in each section by closing the faulty 
ammoniacal purging cock. The vacuum falls in one of the compart- 
ments when there is an accumulation of water or ammoniacal 
vapors in the section that follows, and the equilibrium is then 
established through the ammoniacal water purgers. As water 
frequently accumulates, and may not be discovered at once, it 
shows the desirability of having water-level attachments on each 
compartment. 

Abnormal pressures.—In the heating clusters of the fore- 
evaporator and the vacuum pan, or in reheaters in which live 
steam is used for heating, unusual pressures may exist, owing to the 
accumulation of water which is nearly always due to some faulty 
working of the purger, to the sticking of the valve, or to the in- 
efficiency of the float. The latter should always have a rod 
' attachment by which the valve may be raised from the exterior and 
an exit flow thus created. An objectionable feature of this method 
is that the men in charge frequently plug the rod in position, so 
that the valve remains continuously open, thus causing a con- 
siderable loss of steam. 

Faulty working of the pumps.—It frequently happens that the 
vacuum in the compartments is excessive, resulting in the sticking 
of the pump valves to their seats, and this continues even when 
the vacuum decreases. Characteristic sounds of the valve’s 
working are a sure indication of the condition of affairs. The only 
remedy is to take the pump apart. There is a practical way, 
however, of overcoming the difficulty which consists in having a 
pipe communication between the upper part of the valves and the 
_condenser. The higher vacuum of the latter sucks open the valve 
and the normal conditions will then prevail. This plan is not 
practicable in all cases, especially when the pump is handling 
condensed water from the reheater placed between the last com- 
partment of a multiple effect and the condenser; but, as the re- 
heater is generally at a certain elevation, the water collected in the 
pipe compensates for the prevailing vacuum in the reheater. 

Low vacuum.—At the opening of a sugar campaign, it frequently 
happens that there is a low vacuum in the last compartment and 
consequently a high pressure in those that precede, owing to leakage 
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of the joints in the apparatus working under vacuo and in the pipes 
conducting the vapor of evaporation. The air which enters in this 
manner paralyzes the condensation of the vapor in the condenser and 
surcharges the air pumps. When the leakages cannot be detected 
by the noise made by the air entering into the apparatus, they 
should be located by the flame of a candle, and closed up with 
suitable cement. 

Indications of perturbations.—The variations in vacuo and 
pressure in the compartments determined by experience will show 
perturbations in the general working of a multiple effect, and these 
fluctuations are always followed by a decreased efficiency of the 
apparatus, considered as a whole. 

Calcareous deposits.—If these variations manifest themselves 
little by little toward the end of the week, in such a manner as not to 
influence the vacuo in the concentrated juice compartment, and to 
increase the pressures in the preceding compartments, this is an 
indication that there has been a calcareous deposit upon the 
heating tubes 

These deposits, as previously explained, always lessen the 
efficiency of the multiple effect, due to decreased conductibility of 
the tubes and steam condensation. The only remedy is to keep 
the juices at the most desirable alkalinity, so that there will be a 
minimum of calcareous deposits. Whatever the conditions the 
apparatus should be repeatedly cleaned. This is generally done on 
Sundays in countries where the laws demand a complete stoppage 
of the factory. 


CHAP RER  XU. 
STOPPAGE AND CLEANING OF A MULTIPLE EFFECT. 


Upon the tubes of an evaporating appliance there are certain in- 
crustations which consist of carbonates, phosphates, silicates, sul- 
phates, aluminates, oxalates, and certain calcic organic salts. The 
carbonates and organic lime salts are porous in their texture, offer- 
ing only a limited resistance to the passage of heat, and are readily 
removed. On the other hand, the sulphates and phosphates are 
very bad conductors, and are most difficult to remove from the 
surface of the tubes; when only one millimeter in thickness they 
can destroy the evaporating capacity of the apparatus. 

The composition of these incrustations, as given by GAWALOW- 
skI1/ is: Calcium oxalate, 58.61 per cent; calcium sulphate, 0.71 per 
cent ; water, 11.7 per cent; ferric oxid, alumina, and other mineral sub- 
stances 7.40 per cent, and organic substances, 22.38 per cent. Numer- 
ous efforts have been madeto prevent the formation of these incrusta- 
tions, rather than to remove them after they have been deposited. 
To remove the precipitates formed in the juices PrepBoEUF proposed 
that special filtering devices be placed between the compartments. 
For this purpose Puitippr and Cuariras filters have been used. 
The filtering cloths should be carefully selected, so as not to retard 
the filtration under these circumstances. Of late sand filters 
have been proposed also. Bouvier’s device has in view the 
prevention of the deposits on the tubes of multiple effects, and gives 
them an opportunity to deposit upon iron filings. These should be 
first dipped into milk of lime, which adhering to the small particles 
of iron forms a centre for the crystallization of calcic salts. After 
the iron scales have done their work, they may be withdrawn and 
replaced. It has also been proposed to introduce into the apparatus 
alloys of granulated aluminum. 

Mechanical devices for preventing these deposits have met with 
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more or less success. Among them the Novak! chain device (Figs. 
112 and 118) may be mentioned. These chains were hung in the 
interior of the vertical tubes. In one case (Fig. 113) the springs, 
E, are fastened to the upper dome, Ff, of the compartments; 
beneath the springs is a series of chains, B, which hang down into 
the tubes, C. During the passage of the juice the automatic 
scraping of the chains against the sides of the tubes prevents any 
deposits. The arrangement shown in Fig. 112 has the same purpose 
in view, but instead of springs the chains, B, are suspended to D, 























Ria. ti: Brevis: 


Novak’s Chain Device for Cleaning the Evaporators. 


which consists of two arms. The velocity of the liquid in the tubes 
not being exactly the same, there will result a motion producing 
the same results as the spring combination of Fig. 113. 

LAGRELLE and CHANTRELLE (Fig. 114), on the other hand, pro- 
posed and adopted with more or less success a scheme which 
consisted in suspending in the interior of the tube, a, a hollow stick, 
b, of a density nearly the same as the-liquid contained in the 
apparatus. These sticks float in the juice being concentrated and 
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cannot escape from the tubes owing to the stoppages g, g!, g?. On 
the exterior of these sticks there is an elongated spiral, d, which 
causes them to rotate in the interior of the tube. The surface 
being thus constantly scraped no deposits can form. Very few of 
these devices have ever made much of a practical success. 

Stoppage.—Evaporating appliances in order to be properly 
cleaned must be emptied, for which purpose the working must be 
stopped, or the stoppage may be necessitated 
by an accident. Sometimes the situation is 
such as to prevent the use of the regular 
methods of bringing the multiple effects to a 
standstill. In most cases this is done in the 
following manner: 

After the last portions of the filtered juice 
have been drawn into the apparatus, the 
evaporation continues for a reasonable time, 
after which the suction from the first com- 
partment is made into the second. This is 
accomplished under certain difficulties. 

MALANDER recommends that the juice pipes 
connecting the different compartments be very 
low, so that the emptying will be complete in 
the compartments. To accomplish this under 
satisfactory conditions, the difference of pressure 
between the two compartments should be as ,, On 

; ‘ ee f IG. 114.—LAGRELLE 
great as possible, by which means rapidity of cir- and CHANTRELLE 
culation is increased. Experience shows that in Tube-cleaner. 
most cases it is then difficult to obtain a notable difference of vacuo, 
as at that time there exists considerable vacuum in the first com- 
partment. In order to reduce the vacuum in this case air may be 
introduced through the butter cup, taking the precaution to close 
the exit ammoniacal cock of the second compartment. To follow 
the conditions of circulation from the outside one need only listen 
to the sounds made by the valves of communication. After a 
certain time the noise will indicate that a mixture of water and air 
passes the valve and that the compartment is empty. 

Washing.—The water valve connected with each compartment 
is left open. There follows a preliminary washing and the circula- 
tion continues to the second compartment. After a reasonable 
interval the valve of communication between the compartments is 
closed and the compartments are filled with water, so that the 
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tubular cluster or calandria- is entirely covered. Under these 
conditions very little sugar will remain in the apparatus. In the 
LILLIE evaporator the washing is conducted under excellent con- 
ditions, and may be accomplished in less than thirty minutes. This 
rapidity, as compared with that of other methods, is explained by 
the comparatively small quantity of sugar remaining in the ap- 
paratus after it has been emptied; furthermore, there is not the 
great dilution of juices that frequently occurs in the standard 
multiple effects after a thorough washing. A LILLIE£ apparatus, 
evaporating 700 hl. of juice in 24 hours, will not give more than 
7 hi. of washing water at 7° Bé. 

Removal of deposits.—The mechanical removal of the lime 
deposits during the campaign, by brushing, scraping, etc., is 
accomplished in the vertical appliances, but cannot be properly 
done in the horizontal multiple effects, for the reason that the pipes 
must be displaced from their position for the cleaning. But even 
in the -vertical evaporators the mechanical mode of cleaning is 
difficult, demands considerable time, and is necessarily an unpleasant 
operation for the workmen, so in most cases preference is given to 
the chemical method of removing deposits by solutions of boiling 
soda, diluted hydrochloric acid, etc. Even when applied once a 
week, this method is sufficiently satisfactory to permit the working 
of the multiple effect during the entire campaign. 

Rop! recommends that multiple effects be emptied and that 
steam at 100° to 110° C. be introduced into the heating chamber. 
The incrustations on the pipes will separate, owing to the expansion 
of the tubes. This idea may be a good one, but its practical applica- 
tions have been few. SCHREIBER? proposes to have movable tubes 
in the calandria, so that they may be taken off, cleaned, and 
replaced in position on the tubular plates. 

If the deposit consists almost entirely of carbonate of lime, it 
may be removed with a diluted solution of hydrochloric acid; but 
as it frequently contains many other calcic salts, such as calcic 
soaps, the outcome of fats added to allay frothing, their solution 
offers difficulties, for these fatty mineral substances are not acted 
upon by hydrochloric-acid solutions or other solvents. It is to be 
noted, however, that the mineral fats under consideration are 
seldom used in the compartments of a multiple effect. There often 
remain on the surface of the tubes particles of fatty substances 


1 Oe-U. Z., 24, 86, 1895. 7.8. 1.,0, 40, £540. 
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that have not been saponified, and the acid solutions will then not 
come in contact with the tubes, in cleaning by the regular methods. 

In all these cases it is desirable to use weak solutions of soda to 
transform the calcic salts into carbonate of lime. The soda dissolves 
the non-decomposed fatty substances and tends to break up the in- 
crustation, which, thus transformed, is readily dissolved by hydro- 
chloric acid. It is only in very exceptional cases, usually when 
considerable silica and alumina are present, that the deposit will 
resist this chemical treatment. The hydrochloric acid used should 
not be too concentrated, as it would dissolve the iron of the sides 
of the apparatus and thus weaken them. CLAASSEN advises to use 
in the last compartment containing.the thickest deposits a solution 
containing not more than one per cent of pure acid, and in the other 
compartments it should never be more than 0.25 to 0.5 per cent. 
To introduce the chemical solutions for removing the incrustations 
into the multiple effect without opening the apparatus special pipes 
may be added to the compartments. 

CLAASSEN says that to prevent the sides of the apparatus from 
being attacked by the suction of the concentrated hydrochloric acid, 
which might remain at the point of aspiration for a few instants, it 
is advisable to boil the water under vacuo and introduce the acid 
(through a pipe ending in the middle of the apparatus) at a 
moment when the water boils, by the motion of which the mixture 
obtained is satisfactory. The boiling should not last too long, say 
not more than an hour, and only a moderately high temperature 
should be maintained. If this rule is carried out the efficiency of 
the multiple effect is restored and the strength of the apparatus does 
not change, giving satisfactory results for many years. The 
condensed water obtained when boiling with acid should be tested 
as to its acidity. If acid the condensed water cannot be used in 
the boilers unless neutralized with soda. 

The sodic solution used for cleaning by boiling should contain 
from 0.5 to 1.5 percent of carbonate of soda. The boiling with 
this solution in all the compartments should last as long as possible 
and at a comparatively high temperature. The vacuo should be 
considerably reduced by closing the valves through which the 
vapors of evaporation pass, or by injecting very little water into 
the condenser. To accomplish the removal of deposits a moderate 
boiling is sufficient. 

SrrauB! recommends that each compartment be submitted to 


1 Archief., 2, 692, 1894. 
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separate open-air boiling at 100° C., by opening the manhgle com- 
municating with the juice chamber. At the bottom of each com- 
partment there are special steam distributors. Horstn-Dton! 
recommends boiling with an acid to remove a portion of the lime 
combined with the silica, this to be followed by a caustic-soda 
treatment and in some exceptional cases a second boiling with 
hydrochloric acid. The final silica deposits are removed as a 
powder by scraping, followed by a new alkaline and acid washing. 
When the multiple effects are submitted to regular boiling, the 
following precautions should be taken in rinsing. 

The exhaust-steam valve and the valve connecting the multiple 
effect with the condenser are. closed, air is allowed to enter the 


compartment through the butter cups, and the apparatus is. 


emptied through the exit cock. Before entering one of the com- 
partments, it is desirable that it be thoroughly cooled. This is 
accomplished by creating a circulation of air through the manholes 
above and beneath the tubular clusters. The water valve is open 
ppeull: 

_ All the pipes used for the washing of the multiple effect should 
centre on one distributing pipe, which may be closed by a suitable 
valve arranged so as to be locked during the regular working of the 
evaporator, under which circumstances no water can be added to 


the juices during their concentration. One cannot examine a | 


multiple effect after this acid washing, until all the air contained in 
its interior has been removed, as there would be danger of an 
explosion. 

If, after the washing, the normal efficiency of the apparatus is 
not restored, this indicates that the acid solutions used were not 
sufficiently strong, or that the boiling did not last long enough to 
produce the desired effect, and the operation should be more 
thoroughly conducted on the following Sunday. It is not absolutely 
necessary that the heating tubes be shiny and entirely free from all 
deposits, as the efficiency of the multiple effect becomes almost 
normal when the calcareous deposits are broken up and reduced in 
thickness. 

The great advantage of the LILLIE evaporators over most of the 
multiple effects in use is that they need no acid for their cleaning — 
instead the incrustations are removed by circulating the juice in 
alternate directions. It is said that the results obtained with cane 


1 Horsin-DEon, Traité II, 2, 665, 1901. 
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juices are most satisfactory, but no data as to the success with beet 
juice, which leave much heavier deposits than the former, have 
been found. 

Mechanical cleaning.—However, in most cases it is necessary to 
clean the tubes by some mechanical means. This always necessitates 
the men entering the apparatus, which should be cooled and 
ventilated as mentioned in the foregoing, and, notwithstanding 
these precautionary measures, the men must come out as soon as 
they feel any ill effects. The cleaning is done with long wire brushes, 
one or two up-and-down movements being sufficient to remove all 
the adhering deposits. In horizontal evaporators the cleaning 
demands that the pipes be removed, as the deposits are upon their 
exterior surface. In some German factories! a very simple method 
for this exterior cleaning consists in placing the tubes in a rotating 
drum and giving it a rotary motion, which may be accomplished by 
hand or by mechanical means. A certain quantity of sand or acid 
placed in the interior hastens the operation. Attention has already 
been called to the importance of keeping the exterior of a multiple 
effect in a thoroughly clean condition. This necessitates the 
repeated polishing of all the metal attachments and the painting 
and varnishing of the laggings. All the moving parts of the valves, 
etc., accessible from the outside should be kept in perfect order, 
and the peep-hole glasses should be cleansed from any interior 
deposits. 


17., 51, 859, and 860, 1901. 


CHAPTER & 


CALCULATIONS RELATING TO THE EFFICIENCY AND HEATING 
SURFACE OF THE MULTIPLE EFFECTS. 


General remarks.—The treatment of the subject of evapora- 
tion would not be complete unless a certain amount of data were 
given showing upon what reasoning the calculations for the ap- 
pliances used have been made. The subject is a delicate one and 
belongs to the realm of specialists who do not agree either in their 
arguments or methods of calculations. .Rather than introduce 
long and very complicated theories, as advanced by certain mathe- 
maticians who frequently have had very little practical experi- 
-ences, it seems preferable to confine the examples given to two 
leading French experts and a German authority. The reader may 
appreciate for himself how difficult it is to draw any exact con- 
clusion. 

Volume of juice to be evaporated.—Pefore beginning the cal- 
culations it is important to keep in mind the volume of juice to be 
evaporated. This necessarily differs from factory to factory and 
depends upon the method of beet-sugar extraction, that is to say, 
the mode of handling the diffusion battery, defecation, filter 
presses, etc. In the now obsolete method, used formerly in the 
Austrian beet-sugar factories, the volume of juice to be handled 
was frequently 200 per cent of the weight of beets sliced. In 
DEssIn’s calculations it is supposed that this volume is 148.2 per cent 
of the weight of the beets. Horsin-DEon bases his calculations on 
about 140 per cent, while CLAASSEN does not allow for more than 120 
per cent. The greater the volume of water to be evaporated from a 
juice with the view to its concentration the higher will be the cost 
of fuel to bring about this result, and the main object in a well- 
organized sugar plant is to extract the maximum sugar from a 
given weight of beets with the minimum expenditure of fuel. When 
the volume of juice to be evaporated and the volume of vapor to 


be drawn off for the pan and reheaters are known, the calculation 
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of the total heating surface offers no difficulty. In the calculations 
that follow no allowance has been made for the caloric lost from 
the appliances and pipes through radiation. Horsin-D&on makes 
allowance for the specific heat of the juices. DEsstn and CLAASSEN, 
on the other hand, appear to hold this factor too insignificant to 
be considered when estimating steam consumption. 

Fall of temperature.—DEssIN argues that one should estimate 
the requisite heating surface by the fall of temperature that is 
determined in advance; on the other hand, most of the evaporating 
experts and machine builders maintain that this fall of tempera- 
ture regulates itself, so that the apparatus always yields when 
working a maximum efficiency with the proper regulation of steam 
and vacuum. The DsssIn calculations refer to vertical triple effects, 
such as are generally used in Continental Europe. 

It may be admitted that the tension or absolute pressure of 
the exhaust steam from the various machines in the exhaust-steam 
collector is 1.5 to 1.55 kilos, which supposes for these vapors a 
temperature of 112°C. It may also be supposed that the vacuum 
in the third compartment of the multiple effect is 58.5 cm., which 
corresponds to an absolute tension of 17.5 cm., or more correctly 
speaking to 0.184 kilos absolute pressure. The vapors at that tension 
are at 58°C. If considered separately each compartment of a 
triple effect is a simple effect, in which the requisite heat for the 
vaporization of one kilogram of water is about equal to the quan- 
tity of heat abandoned by one kilogram of condensed steam in the 
tubular cluster or calandria. With the exception of the first com- 
partment, which supplies the steam to be used for reheating the 
juices, the volume of water evaporated in each of the compartments 
of a triple effect is nearly the same. The surface with which the 
juice comes in contact is about the same in each compartment, 
and according to DrssIn the fall of temperature in each case should 
be more or less equivalent.! 


1JIn the experiments of Horsrn-Dton it was shown that the condensa- 
tion per square meter of a heating surface S, per degree and per hour, for a 
fall of temperature c, and a variable volume of water e, was as follows: 


. First compartment (triple effect)........... =3.84 kilos 
Sem Second compartment (triple effect)......... = 2.85 kilos 
¢ Third compartment (triple effect).......... =1.89 kilos 


The falls of temperature were 9.08° C. in the first compartment, 12.08° C. 
in the second, and 18° C. in the third. In other words, the falls of tem- 
perature were inversely proportional to the quantity of water condensed 
per unity of surface and time for 1° C. (Horsin-Diton, 11, 1530, 1900). 
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He considers the fall of temperature not as the difference shown 
by the recording instruments, but as the difference between the 
temperatures of the vapor in the tubular cluster of one compart- 
ment and that of the boiling juice in the tubular portion of the same 
compartment. In accordance with previously admitted data, 
this fall of temperature should be 


112—58 _ig0q. 
3 
but in most of the existing appliances, and with the methods of 
operation, it is practically impossible to attain such limits. This 
point may be actually determined, and the argument that follows 
will show just why the limit of 18° C. cannot be realized. He admits 
for the sake of argument that the juices to be concentrated should 
be reduced from 5° to 25° Bé., or from 9° to 45.83° Brix. As pre- 
viously pointed out, the evaporation is about the same in each 
compartment, and it is possible to determine the degrees of con- 
centration of the juice in its passage from one compartment to 
another, especially when the multiple effect is working continuously. 
Approximately, the following conditions exist: 


Waiting tank. oe 4 O° Brix sis Ae ee Density pee Dee 
First compartment. ...... 12.03" aBUix ose. ee Density, 1.049 
Second compartment..... 10: Gost Dri xe igus ce aoe Density, 1.080 
Third compartment... ... 45).83°- DN Xao 6. ee DCLSILY, ale 20 


The densities are supposed at 15°C. As these data have an 
important influence on the determination of fall of temperature, 
it is important to make certain corrections upon a basis of the 
existing temperatures in each compartment. For the present it 
may be supposed these are 99°, 85°, and 68° C. respectively in the 
three compartments, and that the actual densities of the juice 
during evaporation are as follows: 


Hirst compartments. s:.7 0). ea.catie ane eee Density, 1.008 
Second compartment... Saniseu se eee Density, 1.054 
Third compartment... .. ee inant ats Chasen een Density, 1.185 


It is interesting to examine the method by which the boiling of 
the juice in a triple effect with tubes 1.5 meters in length is effected. 
When a triple effect is conducted according to the old rules, the 
level of the juice to be evaporated is a few centimeters above the 
bottom of the front observation lenses, the level of the boiling 
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liquid! being about 0.230 meters above the tube plates. But in 
order that the vapor formed in the tubular cluster of one com- 
partment may escape from the liquid it should be at a tension 
equal to the vapor contained in the portion where the boiling is 
effected, increased by that which is necessary to raise the liquid 
mass. This supplementary tension consequently varies with the 
tubular cluster in which the vapor is formed. For the vapor pro- 
duced at the lower portion, the maximum height of the mass to be 
raised is 


1577-20 -230: m1 -730 m: 


On the other hand, for the upper portion the height is at a 
minimum of 0.230. In the present argument only the middle. 
portion of the tubular cluster is considered. Consequently the: 
distance to the juice level is 


0.750 m. +0.230 m. =0.980 m. 


This means an average between the maximum and minimum 
heights as above determined. As the vapor at the period when it 
is produced in the tubular cluster is at a greater tension than that 
which is already liberated from the juice, it is necessarily at a higher 
temperature than the latter; and while the temperature of a boiling 
liquid is equal to that of the vapor at the time of its production, he 
admits that the average temperature of the boiling juice in the 
- tubular cluster is higher than the vapor in the boiling chamber of 
this same juice. This excess of temperature is equal to the differ- 
ence of temperature of steam at the time of its formation and after 
it has been liberated from the liquid. It must be noted that the 
liquid mass to be raised consists of the juice contained in the com- 
partment, which is emulsioned by the vapor already produced, 
and that which escapes through the mass. The emulsion has 
evidently a tendency to diminish the density of the liquid. 

The third compartment of a triple effect may now be con- 
sidered, in which the vacuum is 17.5 cm. (0.184 kilo absolute pres-- 
sure). The compartment has an interior diameter of 1.820 m.., 
and contains 630 tubes 1.5m. long with an interior diameter of 
46mm. The total volume of juice to be considered, supposing that 
the multiple effect is not working, consists of the volume in the 


1 Under another caption it was shown that the best mode, as now adopted, 
consists in having the juice only one-third the height of the tubes. 
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interior of the tubes and the volume of juice above the tubular 

plate to a height of 0.230 m., less a certain depression for the emul- 

sion, representing 0.150 m. (It becomes necessary to make allow- 

ance for the bottom where no emulsion is produced during boiling.) 
This volume of juice at rest is made up as follows: 


Liters. 

he J Tithe GUbes os 5 at oe eco tacne gana ee ten ee 1575 
\ Above platests, <. anceaee a. cere een nant eee 390 

Totals :, 2 cee oh eae a 1965 


The volume of the mass during boiling is the same increased by 
the depression. 





Liters. 
First volume of the juice at rest....... Liat pe ee ee 1965 
Second volime of the depression... 402. £).-.05--55s.5 208 
2173 


No allowance must be made for the weight of the vapor which 
occupies the volume where the depression is created. (The vapor 
in this special case weighs only 0.160 to 0.190 kilo the cubic met r.) 
It may be concluded that the density of the boiling mass and that 
of the liquid at rest are inversely proportional to the volumes above 
determined. As already pointed out, the density of the juice in 
the third compartment is 1.185, and that of the boiling mass in 
the same compartment will be 


1.185 X 1965 
Tease LOTTE: 

The resulting vapor in the interior of the tubular cluster and at 
the middle of the tubes will have to raise.a mass 0.980 m. in height, 
the density of which is 1.071. It should have, over the vapor con- 
tained in the receptacle, an excess of tension corresponding to a 
column of water 0.980 X1.071=1.050 m., which represents a pres- 
sure of 0.105 kilo. The absolute tension at the time of its forma- 
tion should consequently be 0.184 0.105=0.289 kilo. The corre- 
sponding temperature at that pressure is 68° C. and the vapor in 
the interior of the receptacle is at 58° C., or a difference of 10° C. 
Consequently the average difference between the boiling tempera- 
ture of the juice in the third compartment of a triple effect and 
that of the vapor is 10° C. Applying the same argument to the 
two other compartments of the multiple effect, it is found that this 
difference is 4.5° C. for the second compartment and 2°C. for the 
first. 
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From the foregoing it follows that the fall of temperatures in 
each of the compartments under the supposed circumstances will be 


tes 10745422) .% 12.5° C. 
3 

But, as there is a flow of the vapor of one compartment to the ca- 
landria of the following one, there necessarily is a difference of pres- 
sure in these two portions, and this means a difference of tempera- 
ture. Drssin supposes for the latter 0.5°C. The actual fall of 
temperature is consequently 12° C.; and the working conditions of 
a triple effect, with compartments of same size, may be summarized 
as follows: 




















First Second Third 
compartment. | compartment. | compartment. 
Temperature of the heating vapor.. .| 111.5° C. ok OF 80° C. 
Absolute corresponding pressure.....| 1.46 kilos | 0.930 kilos | 0.482 kilos 
Average boiling temperature........ 9955» ©. 85° C. 68° C, 
Fallot temperature. 6. sau) oes ns: 122G; 12°C. 13°C; 
Temperature of the resulting vapor...| 97.5° C. 80.5° C. 58° C. 
Absolute corresponding pressure. ....{ 0.943 kilos | 0.491 kilos | 0.184 kilos 
NAC UUM CHI eersen emer ete Re ya 6.4 Sime OSao 





Tue boiling temperatures given above are not those of the total 
mass of juice contained in each compartment. They are in reality 
only one or two degrees higher than those of the escaping vapors. 
Dessin’s determination of the efficiency of a triple effect with 
compartment of same size.1—The evaporating efficiency of a triple 
effect with compartment of same size depends upon three factors: 
(1) Total heating surface; (2) fall of temperature between either 
sides of this heating surface; and (3) the coefficient of evaporation 
per hour per square meter and per degree of fall of temperature. 
Supposed that the heating surface is 300 sq. m. distributed 
equally between the compartments. The fall of temperature which 
has already been determined is 12° C., and the coefficient of evapora- 
tion is supposed to be 2.5 kilos, that is to say, one square meter of 





1 This entire argument, depending upon compartments of same size, is 
very misleading, and should not be followed. The calculations are given 
with no other view than that of showing how the calculations may be made 
without the use of higher mathematics.—L. S. W. 
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heating surface will evaporate 2.5 kilos of water per hour and per 
degree of fall of temperature. 

The total quantity of water evaporated per hour under these 
conditions will be 3x100122.5=9,000 kilos, or, for 24 hours, 
9,000 x 24 = 216,000 kilos or liters. 

But the quantity of water to be evaporated in order to con- 
centrate 100 kilos of juice from 9° to 45.83° Brix., or 5° to 25° Bé., is 


Zs 9 : 

100 (1 Be) = 81.4 kilos. 
Consequently the quantity of juice concentrated per 24 hours, in 
an apparatus with 300 sq. m. heating surface, is 


216,000 X 100 _ inns 
aT = 265,356 kilos; 


in which the density is 1.036, and which gives 


260506 08 
100X i 0s6a nt 


This supposes that the evaporation efficiency per 24 hours is 8.53 
hl. per square meter of heating surface, which is about what is 
actually obtained in the average triple-effect evaporator. 

Dessin’s determination of the efficiency of a triple effect with 
compartments of different sizes.—Before drawing any conclusion 
from what has been said in the foregoing, it is interesting to deter- 
mine the efficiency of a triple effect with compartments of different 
sizes. Suppose that the heating surfaces are 78, 100, and 122 square 
meters, giving the same total as in the previous case. The evapora- 
tion being always the same in each compartment, and the coeffi- 
cient of condensation a constant number, it necessarily follows 
that, if one of the other two factors varies, the third should vary 
inversely. In other words, if the heating surface progresses from 
compartment to compartment, it is necessary that the fall of 
temperature decrease in the same proportions; that is to say, 
in this special case the fall of temperature should be proportionate 
to 1:78, 1:100, and 1:122. The difference between the boiling 
temperature and that of the vapor obtained remains very slight, 
and will be about the same as that given for-a triple effect with 
equal compartments. The total fall of temperature will conse- 
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quently be equal to about 36° C., and the actual fall of temperature 
in each compartment will be as follows: 


1 
86X— 


cia vlan ole 

78100 123 

36x 
36X55 


ie eae 
is 2100 422 


First compartment, =14.88° C.; 


Second compartment, —11.60°; 


Third compartment, =9,51°. 


Under these conditions the amount of water evaporated per hour 
will be, in the 


First compartment, 782.5X14.88 =2,901 kilos 
Second compartment, 100*2.5X11.60=2,900 ‘ 
Third compartment, 122X2.5xX9.51 =2,900 “ 


local tees 7 Olgas 
or, for 24 hours, 8,701 X 24=208,824 kilos. 


This corresponds to the evaporation of 


208,824 


Shaciicer.” ae 


in 24 hours, and represents an evaporating efficiency of 8.25 hl. 
per square meter and per diem; that is to say, the efficiency is 
less than when the compartments are all of the same size. 

This reduction in the efficiency of the effect will be more and 
more evident as the difference between the size of the compart- 
ments increases. Furthermore, if the difference is excessive, the 
average fall of temperature in the third compartment becomes 
so small that its lower portion is not utilized for the evaporation, 
and its role becomes simply that of a juice-reheater. This would 
reduce very considerably the efficiency of the apparatus, and con- 
sequently the maximum efficiency of a triple or multiple effect 
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in general can be attained only when all the compartments are 
of the same size. 

It is frequently pointed out that these differences in size are 
the outcome of an effort to compensate for the deposits on the 
tubes by which the evaporating surface is diminished. According 
to Drsstn, these deposits are proportionate to the fall of tempera- 
ture, and it would then be necessary that the proportion between 
the heating surfaces of these compartments be equal to them in 
each case, in order that the influence of the deposits might be felt 
equally in each section. The advantage still remains with the 
multiple effects of compartments of the same size, as the work 
accomplished is actually greater. 

Horsin-Déon’s method.—In what follows it is supposed that 
the compartments of the effect are all the same size. Horsin-Deon, 
like the authority mentioned in the foregoing, admitted the im- 
portance of that arrangement, providing that there was no outside 
heating to be accomplished. The apparatus to be considered meets 
the demands of a factory slicing 300 tons of beets per diem; it is 
claimed that there are extracted 4000 hl. of juice. 

The 4000 hl. of juice from the diffusion battery are to be re- 
duced to 800 hl. of syrup, and consequently 3200 hl. of water must 
be evaporated. It is supposed that the steam used for heating is 
at 112°C.; that, upon reaching the condenser, it is at 60° C.; and 
that the density of the juice upon entering the multiple effect is 
1041, or 10° Brix.- If we consider the fall of temperature, the 
boiling points of liquids, and also the average density of the juices 
in the three compartments, their corresponding specific heat, and 
the pressure-gauge indication of the apparatus, the following table 
is obtained: 


x p D Cc © r a 
p. 
Steam 1 
use precare Water Temper- Jenves Me thal 
Number | pressure | in kilos | evapo- | Average} Sp. ature oF the | Steam 
of com- of per sq. rated | density.| heat. of the tear (volume 
partment. | 1, ereuny: beep per hl. liquids. deg. ot ce 
liters 
3 —61 . 20 25,99) di2d3 .60 63 60 7900 
2 — 30 762 26.8 1.090 .90 87 86.5 2680 
‘a +3.5 1.08 Zino 1.054 .95 101-57) 10825 1630 
xhaust | | 
steam $ +38 1k oo — — — — Ei2 1200 


collector 


I 
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If it is admitted that the juice is at a temperature of 80°C. 
upon its entrance into the three compartments, commencing with 
the third, the values of ¢=87, 101.5, and 80. With the data, and 
by a long argument and intricate calculation, the following formula 


is reached !: 
t+O0 


ne 
(T-) V2) (7-) [A+(B-1)T}-0.266(8-0D.C. | 


p[A+(B-C) el] r- 
ge 


Substitute for the letters their corresponding values taken from 
the preceding table, and for the evaporation of one hectoliter per 
hour. The first compartment should have a heating surface, S, 
expressed by the following formula: 


27.8 
Panis 2101s 


[606.5 + (0.305 —0.95)101.5] E 12— 
a) 
2 





ee | 
2 i 





; 158.5 443/155-1081 ( 113— 


1200 [606.5+(0.305— 1)112]—0.266(101.5—80)1.054 X0.95 t 


This expression gives, for the first compartment, 0.670; for 
the second, the formula gives 0.716; and for the third, 0.708, or 
an average of about 0.700. It is concluded that the area needed 
for the evaporation in view is 400 sq. m. 

CLAASSEN’S Mrtruop.—For the calculation of the heating sur- 
face of a multiple effect, CLAASSEN argues in the following manner: 

The coefficient of heat transmission means the quantity of heat 
transmitted per square meter in one minute for 1° C. fall of tempera- 
ture. The coefficients of heat transmission have been determined 
by JELINEK.2 They are, in the triple effect ,— 

for the 1st compartment, 37 calories per minute, per 1° C. and 1 sq. m. 

for the 2d compartment, 25 do. 

for the 8d compartment, 14 do. 
and in the quadruple effect ,— 

for the Ist compartment, 28 calories per minute, per 1° C. and 1 sq. m. 


for the 2d compartment, 26 do. 
for the 3d compartment, 20 do. 
for the 4th compartment, 5 to 6 do. 





1JTn this formula K is a factor determined by practical experiments, and 
is derived from the transmission coefficient. The liberated heat through 
the condensation of steam is expressed by the Rkanautt formula, 
[A +[B—C]@]. 
2 CLAASSEN, Zuckerfab. 315, 1901. 


190 BEET-SUGAR MANUFACTURE. 


The total requisite heating surface is determined by dividing 
the total heat to be transmitted per minute, for each of the com- 
partments considered separately, by the product of the fall of 
temperature and the coefficient of heat transmission. The fall of 
temperature in the reheaters is the difference between the tempera- 
ture of the vapor or steam used for heating and the average tempera- 
ture of the juice as it enters and leaves the apparatus; in the evapo- 
rating and graining appliance, it is the difference between the tem- 
perature of the vapor used for heating and that of the boiling juice. 

This mode is very simple, but cannot be accepted as being 
mathematically exact. However, from a practical point of view 
it offers many advantages over all other modes, and, when discussing 
the PauLY-GREINER method of evaporation combined with re- 
heating, further details will be given. 

Increase in the efficiency of a multiple effect may be realized by 
increasing the fall of temperature and evaporating in thin layers, 
it being supposed that the total heating surface remains constant. 
Dessin says that the first solution that presents itself in the fall- 
of-temperature problem is to force the pressure by the addition 
of live steam, and to increase the vacuo in the third compartment 
of the apparatus. But the increased pressure does not bring about 
the desired results, as there follows an increased counter-pressure 
upon the pistons of the steam engines. The vacuum in the third 
compartment may be increased a few inches by a change in the 
working of the condenser, but it is better to regulate the vacuum 
by the size of the air pump. Such modifications always involve a 
considerable alteration in the general plans of the factory, and 
it is better to adhere to the data already admitted. Drssin showed 
that the theoretical fall of temperature in the compartments was 
18° C., but practically only 12°C. in tubes 1.5m. long and with 
regular working of the multiple effect. -This difference is due to 
the height of the liquid to be raised by the escaping vapor, and is 
proportional to this height. 

In the foregoing the differences between the boiling tempera- 
tures and that of the vapors obtained in each compartment were 
determined and found to be 2°, 4.5°, and 10°C. respectively. It 
may consequently be concluded that the height of the liquid in 
each case and the length of the tubes are of greater importance 
in the third compartment than in the first. Therefore, under 
ordinary conditions of working, when the maximum work is to be 
obtained from a given heating surface, it is necessary— 


EFFICIENCY AND HEATING SURFACE. 191 


(1) To limit the length of the pipes of the apparatus, especially 
in the last compartment. 

(2) To work the apparatus with the least possible juice circulat-_ 
ing upon the tubular plates. 

The reduction in the length of the pipes would cause the ap- 
paratus to increase in cost per unit of heating surface, and the 
transformation of existing types of apparatus along these lines would 
be impossible. On the other hand, a decrease in the height of the 
juice only above the tubular plates would not perceptibly increase 
the efficiency, for the reason that, in cases where the juice would be 
on the same level as the tubular disks, the total height of the juice 
would be reduced only from 1.68 m. to 1.50 m. 

It was also proposed to reduce the boiling liquid to a very thin 
layer upon the heating surface by ruissellement, by means of which 
it becomes possible to do away entirely with the column of liquid, 
necessarily increasing the fall of temperature. Owing to the con- 
stant renewing of the liquid, there would follow an increase in the 
coefficient of evaporation. Generally speaking, the amount of 
heat transmitted through the surface depends mainly upon the 
capacity of the liquid to absorb this heat through a natural or 
artificial circulation. Practically, it may be said that the heat 
furnished by the vapor to the surface is unlimited, provided, how- 
ever, that the water of condensation upon the surface be removed 
as it is produced. 

‘Some years since, the experiments of VIEDMANN and FRANz 
demonstrated that the conductibility of brass was 116; that is to 
say, that the quantity of heat that could be transmitted per hour 
and per square meter of surface, with a thickness of one meter of 
brass and one degree difference in temperature, is 116 calories. 
This supposes a conductibility of 


/116-+1 
(“0.002 





) = 58,000 calories 


for a surface of one square meter, 2 mm. thickness and 1°C. fall 
of temperature. 

If we suppose that, in the second compartment of a triple effect, 
one kilo of water demands for its evaporation 


606.5 +0.305 < 80.5 — 97 = 534 calories, 
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it may be concluded that the coefficient of evaporation may reach 


58,000 


Ree = 108-7 kilos, 


provided the liquor could absorb all the heat transmitted by the 
surface. In previous calculations 2.5 kilos have been used as the 
coefficient. It is, therefore, the facility of absorption, and not the 
heating surface, that limits the amount of heat passing through, 
as long as the surface remains free of all deposits. Under all cir- 
cumstances, the deposits in the interior of tubes reduce very con- 
siderably the transmissibility of the surface. The deposits, which 
in reality form a second surface made up of non-conducting sub- 
stances, have a conductibility represented by 1.2 at a maximum; 
that is to say, about one one-hundredth that of brass. As these 
deposits influence the efficiency of the multiple effect, a preliminary 
treatment and filtration of the juices are desirable. 

Numerous authorities could be cited showing that the trans- 
mission increases with the velocity; for example, with steam 
circulating through a copper pipe 10 mm. in diameter, 0.3814 meters 
in length, and 1 mm. in thickness, the coefficient of transmission 
to water is only 1,400 at 0.10 velocity, and becomes 3,800 at 1.10 
meters. In the appliances in actual existence, the vapor formed in 
the hottest part tends to give to the juice an upward circulation, 
which in certain cases causes a boiling above the tubular plate. 
The juice falling upon this disk tends to descend, and finally reaches _ 
the coolest portion of the tubular cluster. Such being the case, 
the evaporation is excessive in one portion of the compartment 
of a triple effect, and very slight or almost nothing in another. 
Consequently it is agreed that the average coefficient of evapora- 
tion seldom exceeds 2.5 kilos, as explained in the foregoing. This 
refers to a type of an average triple effect. The coefficient may 
reach 3 to 3.5 kilos for appliances working 10 to 12 hl. of juice per 
Square meter and per diem, which is not uncommon, but demands 
special methods of working, low-level evaporation being among 
the conditions necessary to this result. 

Determination of the evaporation efficiency under low level.— 
It is necessary in this connection to recall some of the previous 
calculations. The evaporating efficiency per hour, with com- 
partments of the same size and 300 sq. m. heating surface, was 
expressed by the formula 


3X 100 X12X2.5=9,000 kilos, 
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in which 3X100 represents the total heating surface, 12 the fall 
of temperature, and 2.5 the coefficient of evaporation. If to this 
apparatus the two-thirds full principle is applied, the fall of tempera- 
ture will reach 15°C., and the coefficient of evaporation will be- 
come 3. The quantity of water evaporated per hour will then be 


3X 100X 15X38 =13,500, 


which means an increaze of 50 per cent. in efficiency over previous 
methods. Working with only one-third of the tubes covered means 
a fall of temperature of 17° C., and a coefficient of evaporation of 
3.36. The apparatus will evaporate per hour under these con- 
ditions 

3X 100 17X 3.36 = 17,100 kilos. 


The efficiency will be thus increased by 90 per cent. This figure 
at first seems an exaggeration, but practical experience demon- 
strates that it is realizable. 

Calculation relating to ruissellement.—DrssIn says that it is 
interesting to calculate, under these conditions, the thickness of 
the layer of liquid that would undergo the ruissellement with the 
best possible results. Jf the apparatus in question has a capacity 
of 15 hl. of juice per square meter and per diem (that is to say, an 
efficiency about double that of an average triple effect), the so- 
called circulating pump a capacity double that of the juice to be 
concentrated, and the tubes of the apparatus have a 50 mm. exte- 
rior and a 46 mm. interior diameter, and are 1.5 meters in length, 
there would be a heating surface of 


0.503 X .14X 15.00 = 23.5 sq. decimeters for each tube. 


In 24 hours there are concentrated by each tube 


23.5 +1500 
Oe. — BOLO liters, 
or, per second, 
302.0 . 
2604 60 == 0.00487 liters. 


As the renewing of the juice represents two and a half times this 
volume, it necessarily follows that there will circulate in the first 
compartment, per tube and per second, 


[2.5 +1]x0.00487 =0.017 =Q. 
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If the admitted hydrostatic charge is about 3cm. upon the 
distributing opening, the theoretical velocity of the juice per second, 
upon passing out of the orifices, may be expressed by the formula 


/ 29H, 
in which g=9.81 and H=0.03 meters, to which it is necessary to 
add a coefficient in order to obtain the ruissellement velocity. 
Although this coefficient varies with each type of apparatus, it 


averages about 0.40. The velocity of the juice undergoing the 
-ruissellement would be, under these conditions, 


V =0.40V'2X 9.81 X0.03 =0.307 meters. 


Practical experiments and observations show that the accelera- 
tion due to gravity during ruissellement need not be taken into 
account. The velocity, 0.307, may be considered constant along 
the entire length of the tube. If EZ is the thickness of the ruissel- 
ling layer, and L the interior circumference of the tube, the develop- 
ment of the moistened surface, we have, for the output for each 


element, Q=EXL XV, from which deduct E= a 
Substituting for the letters their equivalents, which are 
Q=0.017, L=0.46X3.14=1.445 V =3.07, we obtain 


0.017 


B= TF45K3.07 


= (0.0038 decimeter, 


or about 0.4 of a millimeter. The thickness of the layer of liquid 
during the ruissellement under these circumstances is hardly one 
third of a millimeter. It is to be noted that these calculations 
refer only to the first compartment, and that the volume of juice 
to be run through the last compartment becomes smaller; yet the 
circulating pumps remain of the same size, under which circum- 
stances the thickness of the layer during ruissellement would be 
less. 

At this phase of the juice’s handling, steam economy plays a 
very important réle; in fact, no issue in the whole problem of sugar- 
extraction is of greater importance than that of knowing how to 
save coal. It is interesting to examine the question from a practical 
standpoint. In what follows, the steam-consumption in a typical 
triple effect is considered. 


Pe 
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Dessin’s determination of the quantity of steam necessary in 
a triple effect.—It is interesting to determine what quantity of 
exhaust steam from the various engines of the factory would 
be necessary to produce the evaporation. With this idea in view 
it will be necessary to determine the quantity of heat carried 
away with the vapors, syrups, and condensed water taken from 
the apparatus, and from this to subtract the heat stored up in 
the juice upon entering the multiple effect. This difference is the 
heat furnished by the vapor during heating, and thus the weight of 
the latter may be determined. 

It may be supposed that the condensed water taken from the 
tubular cluster is at the temperature of the steam or vapor from 
which it was obtained, an essential condition in order to reach 
the maximum fall of temperature. From the third compartment 
towards the condenser there escapes a weight of vapor at 58°C., 
which is one-third of the total evaporated, and carries with it 


216,000 
3 





(606.5 +0.305 X58) =44,942,400 calories. 


The syrup taken from the third compartment is at a tempera= — 
ture of about 60°C. Its weight is 265,356 —216,000 =49,356 kilos, 
and it will carry out 49,356 60 =2,961,360 calories. 

The water of condensation removed from the third tubular 
drum will be at 80°C.; its weight will be one-third of the total 
water evaporated, and it will remove 


216,000 
3 





< 80 = 5,760,000 calories. 


The water of condensation from the second tubular drum at 97° C, 
will carry with it 


x 97 =6,984,000 calories. 


The total calories removed during evaporation consequently 
amount to 60,647,760, from which must be deducted the heat 
furnished by 265,356 kilos of juice, entering the first compartment 
at a temperature of 75°C., that is, 265,356 75=19,901,700 cal- 
ories, which leaves 40,746,060 calories. This difference should be 
supplied in the first tubular drum by the vapor produced at 111.5° C., 
which, after having been condensed and removed, will abandon 
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696.5 +0.305 x 111.5—111.5=529 calories. The apparatus would 
consequently need an amount of steam expressed by 


40,746,060 


5095 76,950 kilos. 


As the apparatus evaporates 216,000 kilos of water, it may be 
concluded that 1 kilo of vapor will evaporate 


216,000 


76,950. = 2.80 kilos water. 


Principles of economy.—The principle of steam and conse- 
quently fuel economy is an issue that must be examined in some 
detail. It is interesting to ascertain what becomes of the total 
heat furnished by the steam generated in the boilers. In virtue 
of the principle of conservation of energy, the losses necessitated 
by the utilization of a portion of this heat for various stages of 
sugar extraction, added to the transformation of the other por- 
tion into mechanical work, should be equal to the total heat fur- 
nished to the steam by the coal burned under the boilers 

In the foregoing calculations it was shown that the concentra- 
tion of 2560 hl. of juice demands 76,950 kilos of exhaust steam, 
and that from the third compartment toward the condenser there 
escapes 72,000 kilos of steam, containing 44,492,400 calories. If 
we admit for an instant that the quantity of juice entering the 
triple effect be 16 hl. per 1000 kilos of beets that run through 
_ the slicer, it becomes evident that the 2560 hl. of juice come from 
~ 160,000 kilos of beets. If it is also admitted that the fuel consump- 
tion is 135 kilos per 1000 kilos of beets, and that this coal pro- 
duces on an average 9.5 kilos of vapor, the total steam consump- 
tion will be 

160,000 
7000 xX 135X 9.5 = 205,200. 

If we suppose that this vapor is at a pressure of 6 kilos at the 
boiler, and that, when used, it is under an average of only 5.5 kilos 
pressure, the corresponding temperature is about 154°C., and the 
amount of heat contained per kilo is 606.5+0.305 x 154= 653.5 
calories. As the water fed to the boiler is at the temperature of 
75° C., the actual amount of heat furnished by the coal for one 
kilo of steam utilized in the factory is 653.5—75=578.5 calories. 
The total heat furnished by the fuel necessary for the working of 
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160,000 kilos of beets, corresponding to 2560 hl. of juice entering 
the apparatus in twenty-four hours, and also the vapor needed 
in the other operations of the plant, contain 205,200578.5= 
118,708,200 calories. 

It has already been shown that 44,942,400 calories escape from 
the third compartment; that is to say, about 35 to 40 per cent. 
of the total heat furnished to the steam by the coal. It will pres- 
ently be shown that, after the triple effect, it is during the graining 
in pan of first sugars that the greatest amount of caloric is absorbed, 
and that the heat taken up in the condensers represents more than 
one half of the calories furnished by the coal. For the other parts 
of the factory a certain amount of live steam, or steam at a lower 
pressure, is needed to furnish the requisite heat, and this amount 
cannot be reduced, owing to the special work to be done. 

The quantity of heat transformed into motive power by the 
machines is comparatively small. The motors given forward to 
the evaporation an amount of heat almost equal to the total heat 
furnished. For example, the steam enters the cylinders of the en- 
gines at a pressure of 5.5 kilos, and contains per kilo a total heat of 
606.5 +0.305 K 154= 653.5 calories. The steam enters the exhaust- 
steam collector at 112°C., when it still contains per kilo 606.5 
+0.305 X112=640.5 calories, without making allowances for 
losses due to radiation. This expenditure of steam will be still 
reduced in a sugar factory with a well-combined evaporating plant. 

It is during evaporation and graining that special effort should 
be made to economize fuel. The first idea that suggests itself 
is the reutilization of the vapors from the last compartment of 
multiple effects and the vacuum pan, but owing to their low density 
it is most difficult to handle them. A kilo of this vapor at 0.23 
kilos absolute pressure, that is to say, 58° C., occupies a volume 
about equal to seven and a half cubic meters. In order to utilize 
the vapor it would become necessary to resort to compression, 
which would demand appliances of considerable size and would 
be in reality of very little practical value. There remains nothing 
but to reduce as much as possible the heat lost through the waters 
of condensation. To reduce the quantity of vapor escaping from 
the vacuum pan, there is only one method, which is to feed the 
pan with thick syrup, and with that idea in view it is necessary 
to increase the evaporating power of the multiple effect and to 
continue concentration until the desired limit is attained. 

The reduction of the volume of vapor that is lost from the 
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triple effect may be accomplished in several ways. For example, 
take from the first compartment a certain amount of vapor for 
heating purposes, or begin the concentration of the juice before it 
enters the triple effect. These operations necessarily result in the 
reduction of the amount of work to be accomplished in the triple 
effect, and, furthermore, they reduce the total calories lost during 
the period of condensation. It is interesting now to study the 
question of multiple effect with four, five, and six compartments. 
It is self-evident that the amount of vapor escaping from the last 
compartment of a multiple effect is inversely proportional to the 
number of effects for a given concentration. The total fall of 
temperature for the apparatus must be considered as a whole, and 
the evaporating efficiency per square meter necessarily decreases 
with the number of compartments in the multiple effect. But as 
the cost of an evaporating plant increases with the area of its 
heating surface, there is an important advantage in having the 
evaporation as large as possible per unit of surface. In order to 
determine the extreme desirable limit for the number of compart- 
ments of a multiple effect a study must be made of the conditions 
for working more than three compartments. 

It is necessary in this connection to recapitulate certain figures 
already given. A triple effect with 300 square meters heating sur- 
face working under ordinary conditions, that is to say, with tubular 
plates covered with 200 mm. of beet juice, will evaporate 9000 
kilos of water per hour. This means an evaporating efficiency of 
8.53 hl. of juice per square meter and per twenty-four hours. In 
the appliances under consideration one kilo of vapor will evaporate 
2.8 kilos of water, and the same apparatus with ruissellement 
appliances is said to evaporate 15,200 kilos of water per hour. 
This supposes a work of 14.40 hl. per square meter and per diem. 

Upon general principles it may be admitted that the greatest 
economy in a multiple effect is only realizable when the system is 
composed of the maximum number of compartments. The limit 
not to be exceeded is a subject to be discussed under another head- 
ing. 

The Dessin mode of calculation of the economy of steam 
resulting from evaporation of thin layers is as follows: In 
the foregoing very little has been said respecting steam consump- 
tion, or the results expected from the introduction of the ruisselle- 
ment methods. May an economy of steam and consequently of 
coal be effected through the use of ruissellement? The amount of 
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heat given up by one kilogram of vapor introduced into the first 
compartment of the apparatus and transformed into condensed 
water is a constant quantity at constant temperatures. This 
quantity of heat. may be measured in calories, and is expressed 
by the Reanautr formula 


606.5 +0.305 xX T—T’, 


which has already been used in previous calculations, 7’ represent- 
ing the temperature of the steam at the time it is introduced into 
the drum and 7” the temperature of the condensed water when 
leaving the drum. This formula is entirely independent of the 
evaporating efficiency, and is the same for all evaporating appli- 
ances, whatever be their mode of working. The increase in the 
amount of heat contained in one kilo of vapor at a constant tem- 
perature, without the assistance of any agent which draws its 
energy from a source of heat, would be a derogation of the universal 
principle which serves as a basis for physical science and which 
may be expressed as follows: 

The total energy of a substance or a combination of sub- 
stances is a quantity that cannot increase or decrease through 
the mutual action of these substances, notwithstanding the fact 
that it may be changed into any one of the forms that the energy 
may assume. These are heat, light, mechanical work, sound, 
electricity, chemical affinity, ete. 

On the other hand, the vaporization of one kilogram of water 
demands an amount of heat which may be expressed by the same 
formula as before, in which 7 is the temperature of the vapor 
formed and 7” that of water before boiling. This formula is inde- 
pendent of the evaporating apparatus. One may thus readily 
conclude that the quantity of water evaporated in multiple effect, 
consisting of a given number of sections, remains always the same, 
whatever may be the type of the apparatus. That is to say, con- 
sidering evaporation only, there is no economy in transforming a 
triple effect into a ruissellement apparatus, for the reason that in 
the one case, as in the other, the amount of water evaporated per 
kilo of steam will be 2.8 kilos in a triple effect. However, in many 
cases the triple effect does not allow syrups to be obtained at the 
desired concentration, and then the vacuum pan must complete 
the work. In this apparatus one kilogram of vapor will hardly 
evaporate one kilo of water, and this method of working is certainly 
not economical. When the required concentration is not attained 
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with a given plant the ruissellement can be resorted to, but sugar 
factories with triple effects, giving syrups of the desired density, 
have no need for ruissellement appliances, as the simple applica- 
tion of ruissellement to existing triple effects will not result in any 
economy of fuel. 

Evaporation in quadruple effects.—It is interesting to consider 
a quadruple effect with the same area of evaporating surface as the 
triple effect previously discussed.t This is divided into four com- 
partments, each of which will have an area of ora sq.m. The 
conditions of working may be determined in the same manner as 
in the case of a triple effect and are given in the following table. 


CoNDITIONS OF WORKING IN A QUADRUPLE EFFECT. 


First Second Third Fourth 








Items. com- com- com- com- 
partment. | partment. | partment. | partment. 
Temp. of vapor for heating (deg. C.)..} 111.5 98 84.5 tel 
Corresponding pressure (kilos)........ 1.460) 0.975 0.578 | 0.331 
Average boiling temperature (deg. C.)..] 98.5 85 7125 58 
Fall of temperature (deg. C.)......... i 13 13 13 
Temperature of the vapor produced 
(degC) ew tae Miia ie ee ee ie 98.5 85 HAS 58 
Corresponding pressure (kilos). ...... QO. 980s) 7020907 | Of337a Ose 


This apparatus will evaporate per hour 4X75X13X2.9=11,310 
kilos, or 2712 hl. in twenty-four hours. The corresponding volume 
of juice is about 3220 hl. This shows an efficiency of concentra- 
tion of 10.73 hl. per square mile of heating surface and per diem. 

The consumption of vapor of this quadruple effect may be 
determined as follows: 

There escapes, from the fourth compartment towards the con- 
denser, vapor at 58° C., representing one-fourth of the total evapora- 


a (606.5 +.0.305 X58) = 





tion; in this way there is carried off 


42,320,000 calories. : 

The weight of syrup removed from the fourth compartment at 
58° C. is (322,000 1.036) — 271,200 =60,800 kilos. It carries with 
it 60,800X 58=3,526,400 calories. The water of condensation 
removed from the drum of the fourth compartment at 71° C. con- 


1 Here, again, the arguments and conclusions are not reliable and would 
be misleading. ; 
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os ,200 





tains X71 =4,813,800 calories. The water of condensation 


removed ha the drum of the third compartment, at 84.5° C., con- 
tains eds 4 ee 5 =5,729,100 calories. And the water of conden- 
sation removed from the second compartment, at 98° C., contains 
271,200 

L 
evaporation, 63,033,700 calories, from which there must be de- 
ducted the heat furnished by 3220 hl. of juice entering at 75° C. 
in the first compartment, or (822,000 1.036)75 =24,900,000; 
difference, 38,133;700 calories. 

As one kilo of condensed vapor in the first compartment 
abandons 529.5 calories, the total vapor consumption will be 





X 98 =6,644,400 calories. Total calories removed during 


38,133,700 


5095 72,018 kilos. 


The apparatus having evaporated a total of 2712 hl. of water, we 
may conclude that, in a quadruple effect, one kilo of vapor will 
evaporate 


271,209 
72,018 





= 3.76 kilos of water. 


In the question of quintuple effect, we again suppose that the total 
evaporating surface is 300 square meters, divided into the five 
compartments, or 60 square meters for each. The conditions 
under which an appliance of this kind works are as follows: 


CONDITIONS UNDER WHICH A QUINTUPLE Errect WorkKS. 


Compartments. 
Items. 


First. etna: Third. | Fourth. Fifth. 


Temperature of vapor for heating 


CC Ce ON hm toe aye ih Divo \mlLOOes. |) oO. F Oe 68.3 
Corresponding pressure (kilos)....| 1.46 | 1.066 | 0.715 | 0.463 | 0.294 
Av. boiling temperature (deg. C.)..| 101.2 | 90.4 | 79.6 | -68.8 58 
Fall of temperature (deg. C.)....} 10.3 | 10.3 10230, 1023 10.3 
Corresponding absolute pressure 

(Rilo ieee Pe rare ep code ai has 1.078-| .0-73.-) 0.475 \.0;300.|..0:184 


This apparatus may evaporate per hour 5X60X 10.3 X2.9=8,960 
liters, or 2150 hl. in twenty-four hours. This corresponds to the 
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working of about 2550 hl., and supposes an efficiency of concen- 
tration of 8.5 hl. per square meter and per diem. To determine the 
vapor consumption, the calculations adopted in the foregoing are 
repeated. The amounts of heat carried away during evaporation 
are respectively as follows: 
Through the vapors leaving the fifth compartment towards the 
215,00 
. ° (606.5 +0.305 X 58) =26,840,000 calories; by 
the syrup of this same compartment (255,000 1.036 —215,000) , 
58 = 2,847,800 calories. By the water of condensation removed 
se x 68.3 = 2,936,800 
calories. By the water of condensation extracted from the fourth 


24 : 
drum a 79.1=3,401,300 calories. By the water of conden- 


; 5 
sation extracted from the third drum, ae x 89.9= 3,865,700 


calories. By the water of condensation extracted from the second 


drum, a 100.7=4,330,100 calories. Total, 44,221,800 calories, 


condenser, 





from the drum of the fifth compartment, 











from which must be deducted the heat furnished by the juice 
upon entering the apparatus (255,000 X 1.036)75=19,807,000. 
' The difference is 44,221,800—19,807,000 =24,414,300 calories. 
The total consumption of vapor is casei oe = 46,108 kilos. The 
apparatus having evaporated 2150 hl. of water, it follows that, by 
215,000 
46,108 
= 4.66 kilos of water. By repeating the calculations for a multiple 
effect with six compartments, it is found that one kilo of vapor will 
evaporate 5.54 kilos of water. 

Consequences of multiple-effect evaporation.—With the idea 
of facilitating a comparison between multiple effects .and their 
workings, there are given in a tabulated form (page 203) the prac- 
tical results obtained by M. Dzssin, with a given weight of beets 
passing through the slicer. 

An examination of this table shows, what has already been 
explained, that the efficiency of concentration per unit of surface 
decreases with the number of compartments. With a sextuple 
effect, this efficiency is only 7 hl. per square meter and per twenty- 
four hours, showing why that form of a multiple effect has never 


the use of a quintuple effect, one kilo of vapor may evaporate 
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been successfully used. Admitting that the fuel consumption is 
135 kilos of coal per 1000 kilos of beets, for the working of the triple 
effect alone there will be needed 135X0.375=50.62 kilos of coal; 
consequently this fuel consumption will be lessened, when working 
by a triple effect, to 135—(50.62X 0.25) =122.35 kilos. With a 
quadruple effect it will be 185—(50.62X0.40) =114.75 kilos, and, 
with a sextuple effect, 185 — (50.62X 0.49) =110 kilos, or a decrease 
of 9.5 per cent, 15 per cent, and 18 per cent respectively in the total 
fuel consumption of the factory. 





RUISSELLEMENT, 


Working 160,000 kilos of beets, corre- ee 
sponding to 2560 hl. Juice concen- | regular ? 
trated from 5 to 25° Bé. in 24 hours. | working. Maple Quad- Quin- Sextuple 


ruple tuple 
effect. effect. effect. effect. 


Evaporating efficiency per sq. m. 

SOCOM Wee ten adios ieee Usk Supsohl [4.411073 | -8:5 t 
Total surface requisite for heating 

equally distributed between 

the compartments. .......... 300 m. | 177 m. |238.5m.| 301 m. | 366 m. 
Coefficient of condensation. ...... 2.9 2.9 2.9 239 le 2.9 
Total fall of temp. 112—58 =54)..| 54°C. | 54°C. | 54°C. | 54°C. | 54°C. 
Actual fall of temperature in each 


COMMPArUMeNts wo tates en a: 2a Oia 3Cs) 213°C. (10.8° C.| S25°°C. 
Weight of water evaporated by 1 

GOO pete atime) ood tene 5 boas: 2:8 k. | 2.8 k..| 3.76 k. | 4.66k.| 5.54 k. 
Total weight of steam consumed 

by evaporation (kilos). ...... 76,950 | 76,950 | 57,440 | 46,350 | 39,000 


Determined quantity of steam con- 

sumed as compared with the 

total absorbed by the factory, 

which is 205,200 kilos........ BILD old oils 2679. 1022.045.| 19% 
Determined weight of steam con- 

sumed compared with that of . 

CPIPLOrOH OCU LE Seats ele 3 100%) 1009, | 757% 60% 50% 





These differences would have been still greater if, in the original 
plant with triple effect, some live steam had been used for the 
evaporation. The maximum economy can be realized only by 
the combination of this evaporation in multiple effect with various 
heating, by improvements in the steam engines, by the reduction 
of the losses of heat through radiation and other losses, and with a 
well-arranged series of boilers. If we suppose that the machinery 
alone furnishes the steam necessary for evaporation, it will be 
necessary to make special arrangements for the maintenance of 
their efficiency, with a decrease in their steam consumption. In 
the foregoing discussion it has been supposed that the concentra- 
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tion of the juice and of the syrup extracted has been the same in 
each case. If changes are made in a triple effect, formerly produc- 
ing only moderately concentrated syrups, and through these 
changes thick syrups are obtained, it necessarily follows that fuel 
has been saved, and this economy should be added to that men- 
tioned above. Each factory must be made the subject of a special 
study, so that the varying conditions may be considered. 


CHAPTER XI. 
CALCULATIONS RELATING TO MULTIPLE-EFFECT REHEATING. 


UNDER another caption, the main issues of steam economy are 
discussed in a general way. The steam and vapor consumed at 
the several stations of the sugar factory are estimated, per hecto- 
liter of diffusion juice, by Hors1n-D£ov,! as follows: 


Kilos 
OO Sitics Ol ee rn hn ee ete he kee tee wade 4.4 
iter PMO OL roth ere we Pe Ces Se tele oak. a a 2 apc wh vals See ws Ke 8.0 
Orem DONA aL Olee, oeeenctun partes tucetrey aie 14 aus fae Shs eh acs deo 
eneatine Of jilces*belore Evaporation. «5.2.0.2 screenees 3.5 

: : One 

Triple effect evaporation E kilos water evaporated | cortaceye. 26-7 
fel ea PU OROING VL cmmert inert eds, cr Ram clos, opaakite “hoe iene 1.0 
CGN Pye bes Un UE Kr Maa raise: Sur Ase Fosatst sauniet ake» Ss %aign sas om ese 8.0 
Creme OG ELISUMIK OSH nes ia se ieee Be ely eeu a» bee * lea 
lemmeon Ui al STaneePacatiOns ts nia tac ccs Wiel: Guchutiure co daa cos 10.0 

70.8 


On the other hand, Dmssin determines the steam consumption 
for a factory working with an ordinary triple effect, and in which 
all the heating is done either with live or exhaust steam. In what 
follows, no allowance is made for the specific heat, nor for the losses 
through radiation. The relations existing between the juice, syrup, 
etc., are taken only as a basis for comparison and are not standard, 
for they vary from one factory to another. 

Heating with live steam. Calculations of the steam con- 
sumption of a factory using the regular appliances.—In the case 
examined, it is supposed that the plant slices 200 tons of beets per 
diem. 


1 Horsin-Deton, Traité, IT 2, 641, 1900. 
[205 
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Diffuston.—The quantity of juice drawn off is 120 per cent at 
1.046 density and at a temperature of 28° C. 


The temperature of the cossettes, and the water with which | 


they are combined at the moment of drawing off, is at 22° C. 

The temperature of the beets and of the water in the pressure 
tank is 25° C. 

The total juice drawn off per diem is 120 2000 = 240,000 liters, 
or 240,000 1.046 = 251,040 kilos. 

The total number of calories necessary in working the diffusion 
battery may be ascertained by considering the total number of 
calories contained in the various elements leaving the battery. 
The juice carries off 


251,040 (28 — 15) =3,263,520 calories; 
the cossettes carry off 


1.05X 200,000 X (22 — 15) =1 ,470,000 calories 


(it being supposed that the weight of the cossettes is 105 per cent 
of the beets sliced); the water carries off 


0.95 200,000 X (22 — 15) = 1,330,000 calories 


(this supposing the water used to have a weight corresponding to 
95 per cent of the beets sliced). Consequently we have a total of 
6,063,520 calories. To this may be added the heat absorbed by 
the metallic portions of the battery, which are successively heated 
and cooled, resulting in considerable losses through this extended 
surface of radiation. However, in these calculations no allowance 
is made for such losses. 

To calculate the quantity of steam consumed, it may be sup- 
posed that the pressure in the boilers is 6 kilos, and that the pres- 
sure of steam at its entrance into the calorizators is only 5 kilos, or 
158° C.; furthermore, the condensed water leaving this appliance 
is at 102°C. Under these conditions, one kilogram of condensed 
steam abandons 


606.5 +.0.305 X 158— 102 =552.7 calories. 


The total steam consumed by the battery is 


6,063,520 
552.7 
10,975 


3007 = 54.87 kilos per ton of beets sliced. 


=10,975 kilos, or 


ee = a 
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First carbonatation.—The quantity of juice drawn off during 
diffusion is 251,040 kilos. Milk of lime, added in the proportion of 
_ 12 per cent, amounts to 30,200 kilos, giving 281,240 kilos for the 
total juice of first carbonatation. This is heated from 25° C. to 65° C. 
before saturation, absorbs 281,240 (65—25) =11,249,600, and the 
heating is then continued from 65° to 90° C., giving 281,240 (90 —65) 
=7,031,000, or a total of 18,280,600 calories, and demanding 
Se $33,117 kilos of steam; or aa 
of beets sliced. 

Second carbonatation.—The quantity of juice from first carbon- 
atation is 281,240 kilos. Thesweet water from the filter presses rep- 
resents 100 per cent of the filter press scums, the latter being esti- 
mated at 12 per cent of the total beets sliced, or 2400 kilos, to 
which must be added about 4 per cent of milk of lime, or 11,300 
kilos! The total, therefore, is 294,940 kilos for the total juice of 
second carbonatation. 

Heating from 65° C. to 95° C. will absorb 





=165.5 kilos per ton 


294,940 (95 —65) =8,848,200 calories; 

ro it to boiling point, from 90° C. to 100° C., will further absorb 
294,940(100 — 90) =2,949,400 calories, 

or a total of 11,797,600 calories, which will require 


11,797,600 
902 
of beets sliced. 
Reheating of the juice before filtration.—The quantity of juice 
from the second carbonatation is 294,940 kilos, and this must be 
heated from 70° to 100° C. before filtration, demanding 


2078 


= 21,373 kilos of steam, or 500 





=106.9 kilos per ton 


294,940(100 — 70) =8,848,200 calories, or 


8,848,200 
552 
ton of beets worked. 





= 16,030 kilos of steam, meaning 16,030 


500 = 80.10 kilos per 





1 This should not be allowed for, as the sweet waters are always returned 
in the milk of lime. , 

? It is not reasonable to suppose that these juices passing through the filter 
presses should be cooled from 100° to 70°C. 
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Evaporation in triple effect.—The quantity of Juice from second 
carbonatation is 294,940 kilos, and from the washing filters, 1,500 
kilos, or a total of 296,440 kilos of juice entering the multiple effect. 
To concentrate 296,440 kilos of juice from 5° to 25° Bé. necessi- 
tated the evaporation of 


296,440 81.4 


22940 
100 242,192 kilos of water, 


demanding a consumption of 


942,192 
2.8 





= 86,500 kilos of steam, 


and this would require an expenditure of 


86,500 529.5 = 45,801,700 calories, 


corresponding to 


evel = 432.5 kilos of steam per ton of beets sliced. 


200 


Reheating of syrup.—The quantity of syrup drawn from the 
multiple effect is 296,440 —242,192—54,248 kilos. This must be 
heated from 60° to 100° before filtration and demands 


54,248(100 — 60) = 2,169,920 calories, or 


ee eat kilos of steam, meaning 
552 
see = 19.56 kilos per ton of beets sliced. 


Graining first sugars.—I{ there are 10 liters of massecuite per 
100 kilos of beets, the total weight would be 


200,000 15 


100 = 30,000 kilos. 


The quantity of syrup producing this massecuite is 54,248 kilos, 
and consequently the water to be evaporated is 


54,248 — 30,000 = 24,248 kilos. 
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Evaporated in vacuo these 24,248 kilos of vapor will have an avere 
age temperature of 70° C., and will carry off 


24,248(606.5 +0.305 X 70) = 15,224,100 calories, 


to which must be added the heat carried off by the 30,000 kilos 
of massecuite leaving the pan at 80° C., or 


30,000 X 80 = 2,400,000 calories, 


or a total of 17,624,000 calories, from which must be deducted the 
heat brought by the 54,248 kilos of syrup entering the pan at 75°, 


54,248 x 75 = 4,068,600. 
Consequently the total calories expended for graining fruit sugars is 
17,624,000 — 4,068,600 = 13,555,400 calories, 


13,555,400 


representing BRO 


= 24,557 kilos of steam, or 


24 557 


300 7 122.80 kilos per ton of beets sliced. 


Graining after-products.—It is supposed that the after-product 
represents 4.5 liters per 100 kilos of beets sliced, or 


4.5 2000 = 9000 liters. 
‘This, at 35° Bé. (65.2° Brix), is 11,800 kilos, from which must be 
evaporated 11,800 1— (a) = 2376 kilos of water. The weight 
of the massecuite would be 


11,880 — 2376 kilos =9504 kilos. 


The water evaporated in vacuo at an average temperature of 70° C. 
carries away with it 


2376 X (605.5 +0.305X 70) =1,551,772 calories, 
to which must be added the heat carried off by the massecuite, 
9504 x 80 = 760,320, 


giving a total of 2,212,092 calories. The after-product at 30° C. 
entering the pan furnishes an amount of calories represented by 
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11,880 X30 =356,400, which must be deducted, and there remains 
1,855,692 calories. This requires 


1,855,692 _ 
EROS = 3360 kilos of steam, or 
a = 16.8 kilos per ton of beets sliced. 


Heating crystallizing tanks.—If the final after-product is left 
in tanks that are kept warm for a certain period, the total heating 
surface of the pipes is 40 square meters, and the condensation 
2 kilos per hour and per square meter, the steam needed would be 


40X2X24=1,920 kilos per diem, or 


= 9.6 kilos per ton of beets sliced. 


Dessin, who is responsible for the foregoing calculations, gives 
a synopsis of them in the following table. 


Derssin’s TABLE. 


Heat expended| Steam con- Steam con- 
Phase of manufacture. ee oe A oes 1000 - RET 
of beets. of beets sliced. beets. 
Calories. Kilos. Kilos. 
Di asiOn sere oe ene Peas 6,063,520 10,975 : 
Hirst: Carbonatationa«as,: a. oer 18,280,000 - 33,117. 165.50 
Second carbonatation. .......... 11,797,600 |. 21 3875 106.90 
Reheating of juice, Ae. yee 8,848,200 16,030 80.10 
EVaDOPATION Tanta ee eee 45,801,700 86,500 432.50 
Reheating of syrupy 7... ae ae 2,169,920 3,913 19.56 
Graining — Hirst. ii hs hte aa 13,555,400 24,557 122.80 
Grainmg—second, os... 65s... 6) 1,855,692 3,360 16.80 
Heating after-products.......... 1,059,840 1,920 9.60 
NPOtals eee or ana eae 109,431,872 201,745 1008.63 


It is interesting to note what quantity of fuel would be neces- 
sary. If it is admitted that the boilers evaporate 8.75 kilos of water 
per kilo of coal, it may be concluded that the coal consumption in 
the factory under consideration is 


1008.63 


San a 115 kilos per ton of beets sliced. 


From the foregoing calculation certain conclusions may be 
drawn. In the table there may be noticed two ways of using steam. 
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1. Various kinds of heating prior to the extraction, evapora- 
tion, or filtration of juices, syrup, and after-products. 

2. Evaporation and graining. 

The third use of steam for obtaining the motive power is not 
given, for it has been supposed that there are no losses. During 
diffusion the caloric furnished by the steam is indispensable for the 
extraction of the juice. During carbonatation the heating prepares 
the juices for their chemical treatment, and they are prepared in 
the same way for filtering, etc. It may be said that generally the 
caloric is well utilized and very little economy is realizable in. that 
direction. Attention should consequently be limited to improving 
the apparatus and diminishing the loss through radiation. 

As was shown, the evaporation required 45,801,700 calories, 
and, if the previous calculations regarding triple effects be exam- 
ined, it will be found that the amount of steam leaving the third 
compartment and passing into the condenser is 


242,192 


3 = 80,730 kilos. 


This carries off 


606.5 + 0.305 X 58 = 624.2 calories per kilo, or 
80,730 < 624.2 = 50,400,000 calories. 


It is to be noted that the total heat escaping from the third com- 
partment is greater than that which was utilized in the first com- 
partment. ° 

The graining of the first sugars needed 13,355,400 calories, to 
which must be added a portion of the heat furnished by the syrup, 
giving a total of 15,224,100 calories carried off into the condenser. 
The graining of the seconds demanded 1,855,692 calories and 
abandoned 1,171,172 calories to the injection water. The total 
heat taken up by the condensation is consequently 


50,400,000 + 15,224,100 +1,551,772 =67,175,872 calories, 


amounting to more than half the entire heat used throughout the 
factory. This is an absolute loss, and if it were possible by some 
means to recover it, the resulting fuel economy would be not less 
than 50 per cent. 

The first idea that naturally suggests itself is that some prac- 
tical means be adopted for the reutilization of the steam leaving 
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the multiple effect and vacuum pan. When submitted to pressure, 
this steam would have such a tension and temperature as would 
enable it to render important service. It is pointed out that owing 
to the low density, the compressors would have to be of enormous 
size even for a small factory. One kilo of this vapor has a volume 
of 6 to 7 cu. m., which shows the practical impossibility of resort- 
ing to compression. 

However, it is possible to use a portion of this steam by placing 
on its passage suitable tubular reheaters for cold juice or water, 
These vapors have a temperature varying from 58° to 60°, and 
frequently more. By the use of reheaters properly arranged and 
understood it is possible to heat juices on their way to the first 
carbonatation to 52° C., or in the same manner to heat water for the 
diffusion battery in separate appliances. If it is admitted that 
the water entering the battery is at 35° to 40° C. instead of 15° C., 
this would evidently cause an important fuel saving, and the caloric 
economy would be equivalent to the heat carried off by the re- 
siduary water and cossettes from the battery, or 


1,470,000 + 1,330,000 =2,800,000 calories, 


representing about 


2,800,000 _ ; : 
“gsno ae = 5070 kilos of steam; or 
oe kilos per ton of beets sliced, 
200 
or in other words ae =2.9 kilos of coal. 


As hot water is used in the diffusion battery, the juices upon 
leaving the diffusors would be at a higher temperature than that 
supposed in the previous calculations, and if it passes through 
another reheater, receiving its heat from the waste steam, its tem- 
perature could be raised there to 52° C., and would be 50° C. when 
entering the carbonatation tanks. This would represent a heat 
economy of 


281,240 x (50 —25) =7,031,000 calories, or 


on le one 
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Ooo = 12,730 kilos of steam, or es oie 0 63. 65 kilos per 100 
tons of beets worked. As this represents 
63.65 


S75 = 7.27 kilos of coal, 


the consequent fuel economy would be 2.90+7.27=10.17 kilos 
per ton of beets sliced per diem. If a factory of 500 tons is con- 
sidered this represents 5000 kilos, or five tons, and for a 100-day 
campaign, 500 tons, or $2500, based upon European prices. This 
saving may be still greater when taking slicing stations into con- 
sideration, from which the central factories receive the juice at a 
temperature of from 5° to 8°C. 

Steam consumption with Lexa-Rillieux’s system.—No modern 
beet-sugar factory uses live steam for heating the juice at various 
stages through which it passes. It is interesting to study the fuel 
economy resulting from the use of the Lexa-RILuinux system and 
other similar methods. In the Dzssin calculation it is supposed 
that there is a quadruple effect in which the first compartment 
supplies all the vapor needed for heating at temperatures of from 
90° to 100° C.; the second compartment all the vapor needed when 
the heating is to be done at 80° to 90° C., and it is under these cir- 
cumstances that the juices are heated from 25° to 80°C. on their 
way to the first carbonatation tank. It is also supposed that under 
these conditions of working there is a fall of temperature of 18° C. 
between every compartment. No account is taken of the influence 
of the column of liquor nor of the losses of heat. 


DATA USED IN THE DESSIN CALCULATION. 


; First Second Third F eae 
Conditions of operation. com- com - com- 
partment. | partment. | partment. parenien. 


Temperature of heating vapor (deg. C.)| 124 108 91 73 
Approximate absolute pressure of the 

heating vapor (kilos) eis 0% wuss. os 2.25 1.3 Ot 0.35 
Temperature of the evolved vapor 

Klee ecvrwnay aie Mecty Paper egg dia lac wah nue 108 91 73 55 
Approximate absolute pressure of the 

evaporated vapor (kilos)........ Is On7 0.35 0.15 


The vapor produced at 108° C. in the first compartment is 
utilized in reheaters to raise the temperature of the juice and 
syrup to nearly 100°C. The reheater for first carbonatation juice 
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will raise the temperature to 80° C. with the vapor from the second 
compartment, which is at 91° C. 

- The live-steam consumption at each stage of manufacture is 
then as follows: 

First diffusion.—The direct steam consumption during the 
operation of diffusion will be the same as previously, or 10,975 
kilos for a factory slicing 200 tons of beets per diem, representing 
6,063,520 calories, or 54.87 kilos per ton of beets sliced. 

Second carbonatation.—The consumption of live steam for first 
and second carbonatation need not be considered, because before 
it reaches these receptacles the juice is heated in the reheaters with 
the vapor from first compartment. 

Third reheating of the juices and syrup.—Consumption of 
steam in this case is also zero, for the reason that the juices and 
syrups are heated with vapors from the multiple effect. 

Fourth evaporation.—The calculation relating to the consump- 
tion of steam during evaporation is a little more complicated in 
the case under consideration than it was for a triple effect. It is 
proposed that the water evaporated in each of the third and fourth 
compartments shall be termed Z. Let Y be the quantity of vapor 
produced in the second compartment, and X the vapor liberated in 
the first. It is evident that the quantity Y of vapor produced by 
the second compartment is equal to Z produced in the third, in- 
creased by that condensed in the reheater for first carbonatation 
juice. In this reheater the temperature of the 281,240 kilos of juice 


passing through is raised from 25° to 80° C., which represents an 
amount of heat equal to 


281,240 x (80 — 25) = 15,468,200 calories, 


The vapor is sent to the reheater at 91°C. and the condensed 
water extracted at 73°, abandoning, per kilo, 


606.5 + 0.305 X 91 — 73 = 548.2 calories. 
The reheating of the first carbonatation juice demanded 


15,468,200 


5A 9 = 28,476 kilos of steam 


from the second compartment. The quantity of water evaporated 
will be Y=Z+28,476. The total vapor produced in the first com- 
partment will be equal to Y, increased by that consumed in the 
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other reheaters. The reheater in communication with the second 
carbonatation raised 294,940 kilos of juice from 60 to 100°C. This 
required 

294,940 x (100 — 60) = 11,797,600 calories. 
The reheating of 294,940 kilos of juice before filtration from 70° to 
100° C. required 


294,940(100 — 70) =8,848,200 calories. 


Finally, the reheating of 54,248 kilos. of syrups before the 
filtrat on from 60° to 100° C. takes 


54,248(100 — 60) =2,169,920 calories. 


Consequently, the total calories furnished by the first compart- 
ment to the various heating appliances are 


11,797,600 +8,848,200 +2,169,920 =22,815,720 calories. 


This vapor, which is introduced into the reheater at 108°C and. 
leaves after being condensed at 91°, yields 


606.5 +.0.305 X 108 — 91 = 548.5 calories. 


The total steam from the first compartment consumed by the 
reheaters will consequently be 


22,815,720 


BAR 5 = 41,596 kilos; 


and the total water evaporated in the first compartment will be 


X=Y +41,596=Z7+28,476+41,596 
X=Z+70,072. 


If the previous calculations be examined, it will be seen that 
the concentration of the juice demanded the total evaporation of 
242,192 kilos of water, equal to the total water evaporated in each 
compartment, and consequently X+Y+2Z+2Z=242,192, and re- 
placing the letters by their equivalents, Z7=35,911 kilos. The 
evaporation in each of the compartments will be, respectively, 


Kilos. 
"ASCE SCO 009 0929 619 2605004 1 he a en oe ra a 39,911 +70,072 = 105,983. 
Pec ancscOMpartiienteust sacs asks is aa cs paddles 35,911+28,476= 64,387 
Pare COM PAr Uae. a aaue ait). rary eis eh, el ands sich aterid prt ete: 35,911 
Retr Gtr COMP ALUN ae E58. ee acea att Sha she Nanak ad Hie ee Gls ars Pole dsovenaile.d 35,911 





242,192: 
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If the total calories taken off and furnished for the evaporation 
is passed in review, as has already been done in a previous example 
for a triple effect, the following figures will be obtained: 


Calories taken off by 35,911 kilos of vapor leaving the fourth 
COMP arOMON ts cys cee ee 35,911 X (606.5 + 0.305 x 55) =22,379,735 
Calories removed by the syrup leaving the multiple effect 


54,248 X 58= 3,144,784 
Calories removed by the condensed water leaving the fourth com- 


PAaLemen tits) iaiutdis whale ects ts Pa ee CNS Sem eee 35,911 X73= 2,621,503 
Calories removed by the condensed water in the third compart- 

POT Gra boo, cyst cat aleiehe tae awh ace ae peda ean ae 35,911 X91= 3,267,901 
Calories removed by the condensed water in the second com- 

DATUIICIIGS LP Rear eater nt ena teeta 64,387 X108= 6,963,796 
Calories removed by the condensed water in the reheater for first 

carbonatation julCes sce te eee tee ian eee 28,476 X73= 2,078,748 


Calories removed by the condensed water in the other reheaters 


41,596 X91= 3,785,236 
Calories removed by the juices passing through all the reheaters 


15,468,200 + 22,815,720 =38,283 ,920 
Total heat removed through the evaporation and heating.... =82,515,623 


From this total must be deducted the heat furnished by 296,440 
kilos of juices entering the first compartment of the quadruple 
effect, or 21,333,000 calories, leaving a total heat expended of 
61,182,623 calories. 

One kilo of steam entering the first compartment at 124°C. 
and leaving at 108° will have abandoned 


606.5 +0.3805 X 124 — 108 = 536.3 calories. 


The quantity of steam necessary for the first compartment in a 
Lexa-RILLieEUx combination, such as explained just now, will 
consequently be 

61,182,623 


5563 = 114,083 kilos 


for a 200-ton plant, or 570.41 kilos per ton of beets sliced. 

As it has been admitted that the exhaust from the engines of 
the factory is 86,500 kilos, the actual amount of live steam to be 
furnished to the first compartment will be 27,583 kilos. 

Graining of first sugars.—The steam expenditure “or the grain- 
ing of first sugars wi'l be the same as it was in the previous case, 


24,557 kilos, and will represent 13,555,400 calories, or 122.8 kilos per 
ton of beets sliced. 1 


MULTIPLE-EFFECT REHEATING CALCULATIONS. ole 


Graining of second sugars.—The expenditure for this graining 
will be 3360 kilos, equivalent to 1,855,692 calories, or 16.8 kilos 
of steam per ton of beets sliced. 

Heating of the crystallizing tanks.—Ior this purpose it was 
supposed that there is needed 1920 kilos of steam, or 1,059,840 
calories, equal to a consumption of 9.6 kilos per ton of beets sliced. 

A general synopsis of what has been said is given in the following 
table: 


STEAM CONSUMPTION. 


d| Steam con- 
re peo sumed for the Steam con- 
ing 200 tons of working of 200 | sumed per ton 
beets per diem.| tons of beets | of beets sliced. 


Station of extraction. 


per diem. 
Calories. Kilos. Kilos. 

Di USiOtl ers eee ae Bak has es 6,063,520 10,975 54.87 
First carbona tation. 6... 2.6. «5 
Second-carbonatation. .......... 
eneating or juice. 5. 4a es 
Evo DOnA UOlue, my slyirt lake uence 4 61,182,623 114,083 570.41 
Ere DCAtING OL SYTUD: <0 55 {vn St 
Grainimg first Sugars. ~ ....<-.«..! 13,555,400 24,557 122.80 
Graining second sugars.......... 1,855,392 3,360 16.80 
Heating crystallizing tanks... ... 1,059,840 1,920 9.60 

BOA Ste Means Sota ek fore iat 2 S3;¢1 0,019 154,895 774.48 


Based on what has been previously said, these figures show a 
uel expenditure of 


i = 88.5 kilos per ton of beets sliced. 


This amount will probably be increased by 10 to 25 per cent 
in practice, the amount depending upon the arrangement of the 
local plant. 

It should be pointed out that, as there is a very slight difference 
between the temperature of the juice entering the reheaters and 
the circulating vapor, it is most important to have the heating 
surfaces of the reheaters as large as possible; hence the advantage 
of having several, and of keeping them free from all deposits, so as 
to realize the greatest possible efficiency. Another issue of vital 
importance is the circulation, and the removal of the condensed 
water and all inert gases. 

Horsin-Dit0n’s method of calculating the steam consumption 
for a factory working by the Lexa-Ri~itinux method is also of 
interest. Reference must be made to previous calculations by the 
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same expert, who gave the steam consumed per hectoliter of juice at 
different stages of beet-sugar manufacture. It is supposed that 
the apparatus consists of a triple effect, in which the first compart- 
ment has a heating surface double that of the second and third 
compartments. The surface of this first compartment has double © 
the evaporating efficiency of the others. As the problem demands 
the evaporation of 80 kilos of water, the first compartment will 
evaporate 40, the second 20, and the third 20 kilos. The first com- 
partment furnishing only 20 kilos to the second, there will remain 
20 kilos for the heating. The steam and vapor consumption will 
be as follows: 


Kilos 

Dilusionss coon ec aici ey cre Mecobee, Loerie eee aeons 4.4 
HMirst.compartment; triple eh ects. a4 eect es oe 40.0 
(Fraining: finsts 7y eo a pet oy ee eee teeta ene oe ame eee Sa0) 
Graining, second’ and thirds. cic eeeeeeter eae ene aie 10 
Centrifugal and: losses! s-o) ater ya cate eee 2 ep ORO 
Total, ffi es Se ee ete te eae er ae 64.1 


instead of 70.8 kilos, as needed by previous calculations, or 9.5 per 
cent economy of steam. No allowance is made for the reheating, 
as it is accomplished with the vapors of the first compartment. 

Dessin’s calculation of the steam consumption in a factory 
working by the Pauly-Greiner method.—The heating surface of 
the fore-evaporator is calculated on the basis of a maximum fall of 
temperature that varies from 15° to 20°C. in order to prevent an 
excessive boiling and entratnement of the juice. DEssIN supposes 
the following conditions: 


Approximate effective pressure of the live steam used in the 


fore-6Vapora tor(ldlOs) sae pele eeee ne wee Peas tetas 2.50 
Corresponding temperature (deg. C.).. ........-4....4... 138 
Approximate effective pressure of the vapor evolved from 

the juice in the fore-evaporator (kilos). ............... 1.25 
Corresponding stemperature (deo, Or). eee eee 123° 


It is supposed that a recuperator is used, that the recuperation 
is complete, and that the juice enters at 120°C. into the fore- 
evaporator, and at 78° C. into the first compartment of the multiple 
effect. At each station the heating from 90° to 100° is done with 
the vapors of the fore-evaporator. Diffusion in this case remains 
the same as in the previous example for Lexa-Ritiimux heating. 

First and second carbonatation live-steam consumption need not 
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be considered, for the fore-evaporator furnishes all the necessary 
caloric. Neither is any actual consumption of live steam necessary 
for heating the juices and syrup, and the same is true for the graining 
of first sugars and other products. 

Fore-evaporator.—'The heat consumption of this apparatus 
equals the amount of heat necessary to raise the juice to the boiling 
temperature, plus that carried off by the vapors of the juice for the 
various heatings. The quantity of juice entering the fore-evaporator 
is 296,440 kilos; its temperature is raised from 120° to 123°C., 
demanding | 

296,400 X (123 — 120) =889,320 calories. 


The reheating of 281,240 kilos of juice from 25° to 90° before first 
carbonatation requires 


281,240 x (90 —25) = 18,280,600 calories. 


The reheating of 294,940 kilos of juice from 60° to 100° before 
second carbonatation consumed, as already explained, 11,797,600 
calories; the heating of juice before filtration required 8,848,200 
calories; the reheating of the syrup, 2,169,920 calories; graining 
first sugars in pan, 13,555,400 calories; graining the after-products, 
1,855,962 calories; or a total for the fore-evaporator of 57,396,732 
calories. One kilo of direct steam, introduced at 138° and leaving 
at 102°, will have abandoned 


606.5 +0.305 X 188 — 102 = 546.5 calories. 


The direct consumption of steam in the fore-evaporator is 
57,396,732 
546.5 
per ton of beets sliced. 
Evaporation.—As already explained, the quantity of heat ab- 
sorbed by the heating effected by the vapor of the fore-evaporator is 
57,396,732 — 889,320 = 56,507,412 calories. 
One kilo of juice vapor, produced at 123° and condensed to 100°, 
will give off 
606.5 + 0.305 x 123 — 100 = 543 calories. 
The quantity of water evaporated by the fore-evaporator, and 
distributed as vapor to various stations of the factory, is 
_ 56,507,412 
543 


= 105,026 kilos, or 525.13 kilos . 


= 104,065 kilos. 
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As the total water to be evaporated, as previously explained, is 
242,192 kilos, the supplementary evaporation to be effected is 


242,192 — 104,065 = 138,127 kilos. 


The juice enters the multiple effect at 78° C., instead of 75° C., 
as previously stated, and it follows that one kilo of exhausted steam 
may evaporate 2.8 kilos of water. It is concluded that the consump- 
tion of steam of the triple effect under consideration is 


138,127 
2.8 
49,960 X 529.5 = 26,453,820 calories: 


= 49,960 ! kilos, or 


ae — 249.8 kilos of steam per ton of beets sliced. 


The foregoing calculation may be tabulated as follows: 


CALCULATION OF HEAT AND STEAM CONSUMPTION IN A PAULY-GREINER 
PLANT WITH A TRIPLE EFFECT, 








Heat once oe beret Steam con- 
er alem tor sume er qiem 
Stage of manufacture. “200 tons of for 200 tons oe Ps ae 
Calories. Kilos. Kilos. 
DDTITUSIONE eos a coe ners ee 6,063,520 10,975 54.87 
First carbonatation:|:.. 0.4.00 eae 5 
Second carbonatation. .......... -_ eee 
Reheatinmiol juice 2 28s ae 
Pore-CVvaporacor.ccre.b eck eee 57,396,732 105,026 525.13 
Evaporation: 234.0... .. eee een 26,653,820 49,960 249.80 
Reheating Bytupsah cs enn 
Graming Hist sugar Sikes ee ere os 
Graining second sugar........... 
Heating crystallizing tanks... ... 1,059,840 1,920 9.60 
OGaIS e) ae ee etree 90,973,912 167,881 839.40 


If we suppose an evaporation of 8.75 per kilogram of coal in the 
boilers, we would have 
839.40 
8.75 
In German factories a fore-evaporator is frequently combined 


with the quadruple effect, and the quantity of steam needed for 
the evaporation is then still further reduced. | 


= 96.73 kilos per ton of beets sliced. 


1 This should be 49.331, but has been allowed to stand as given, as the 
change would complicate the data that follow. Some other small errors 
have been allowed to remain for the same reason. 


al a. 


~ 
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As shown in the foregoing calculation, the amount of water to 
be evaporated in the multiple effect is 138,127 kilos in the case of a 
200-ton plant. If the apparatus is a quadruple effect, it could then 
evaporate 3.76 kilos of water per kilo of steam. 

The steam consumption then is 


138,127 


3.76 = 36,735 kilos, 


meaning 36,735 X 529.5 calories = 19,450,482 calories; or 


36,735 


Sumer 183.67 kilos per ton of beets sliced. 
The foregoing table then reads as follows: 


CALCULATION OF HEAT AND STEAM CONSUMPTION IN A PAULY-GREINER 
PLANT WITH A QUADRUPLE EFFECT. 











Heat poneumed pica cor Steam con- 
T m Tr daiem , 
State of manufacture. °200 tons Ope ere 200 tons of Se cae n 
; ; Calories. Kilos. Kilos. 

WD PERUICIONM ccm Some ae se he su taS. 6,063,520 10,975 54.87 
First carbonatation:. ....%.6. 6s... 
Second carbonatation. .......... 
Reheating of the juice........... i 
E-GNG-CV' a DOLALOL spo Niahs s ncsutee ake 57 396,732 105,026 525.13 
HEV ADOEAUOU Pen cy iter aici ce oie 19,450,482 36,735 183.67 
Reheating syrups. 4 22... ik 
Cramine iret SURATS oo 5.1) «1. <2 oy 
Graining second sugars.......... 
Heating crystallizing tanks...... 1,059,840 1,920 9.60 

OU Sire) aot ce kT oore oe ov 83,970,574 154,656 Than 2t 

Fiat 


This calculation implies a consumption of = 87.23 kilos per 


8.75 
ton of beets sliced. 

Claassen’s calculation for the Pauly-Greiner evaporation plant 
and steam consumption for the working of 100 kilos of beets in one 
minute.—The following calculation is a very simple one. No claim 
for absolute accuracy is made, the example being taken from actual 
practice, and all unnecessary considerations eliminated. Upon 
general principles, the compartments of an evaporating apparatus 
should not only be sufficient for the utilization of the vapor from 
the first compartment in the second, etc., but also for the reheating 
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of the juice, for graining in the vacuum pan, and they should also 
be able to evaporate the juice where this vapor is partly cut off. 

While a larger volume of juice to be evaporated necessitates an 
increase in the heating surface of all the compartments of the 
multiple effect, an increased removal of vapor for the vacuum pan 
and the juice reheaters, influences mainly the work and the dimen- 
sion of the compartments from which the vapor is drawn, and also 
the size of the previous compartments, if there are any. Asa 
general thing, the first compartment and the fore-evaporator are 
the only ones from which the vapor in question is drawn. It is 
not necessary to calculate for these the size of heating surface in 
order to furnish the greatest amount of vapor that is likely to be 
called for in an emergency. The average vapor consumption is a 
sufficient guide to determine the size of the heating surfaces under 
consideration, provided allowance is made for an increase of the 
pressure of the exhaust steam. As the efficiency of an evaporating 
compartment increases, within the limits that may be practically 
considered, about proportionally with the fall of temperature, and 
as the fall is seldom greater than 6° to 8°C., an increase of 2° to 
3° C. (corresponding to an increased pressure of 0.2 atmospheres 
for the exhaust steam from the machines of the factory that is thus 
utilized) is sufficient to immediately increase, by one-fourth to one- 
third, the efficiency of the compartment. This increase is amply 
sufficient to meet the greatest possible irregularity in steam con- 
sumption, either in the vacuum pan or the juice and syrup reheaters. 

The multiple effect, as an apparatus, need not be conducted 
according to cast-iron rules. On the contrary, it can adapt itself 
rapidly to every condition that may arise. The greatest variations 
are noticeable in the fall of temperature of the different compart- 
ments, and the resulting variations in the coefficient of transmission 
determine the actual efficiency of the evaporating appliance. All 
calculations relating to the heating surface should be based upon a 
given condition of evaporation. Their practical value is not lost 
even when exceptional factors are introduced. The ease with 
which the multiple effect adapts itself to special conditions counter- 
balances in a measure the disadvantages of those unknown factors 
which are beyond the realm of theory. 

It is deemed wise not to adopt for these calculations an excessive 
temperature of the exhaust steam utilized, and, furthermore, to sup- 
pose a very limited fall of temperature in the first compartment, as 
the heating surfaces of these compartments will then be rather 
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large in proportion to the work required. These large heating 
surfaces are important as regards the efficiency of the multiple 
effect taken as a whole, and its adaptability under the various cir- 
cumstances that may arise. 

The following data are used as a basis for the calculation: 
Work 100 kilos of beets per minute, i. e., 144 tons per 24 hours, if it 
were possible to work with absolute regularity. But, as appliances 
should always have a greater productive power than that of their 
average working, in order to meet an exceptional emergency (as, 
for example, when the volume of juice is greater than was intended, 
and the lime deposits have reduced the heat transmission of the 
tubes of the multiple effects, etc.), the sizes of the heating surfaces 
in these calculations are given a practical value for a working ca- 
pacity of 100 tons per diem. For a larger factory the proportions 
may be readily obtained by multiplying in a corresponding manner 
the figures calculated. A drawing-off of 110 kilos of fresh juice 
from the battery of 120 kilos per 100 kilos of beets is supposed. 

The juice is concentrated in the multiple effect from 12° to 60° 
Brix (6.8° to 33° Bé.), so that 80 per cent, or 96 kilos of water, are 
evaporated for 100 kilos of beets sliced, and there remain 24 kilos 
of concentrated juice or syrup. During graining in pan, one obtains 
from the 24 kilos of syrup 15 kilos of massecuite, which means that 
9 kilos of water have been evaporated in the pan. During the 
graining of the after-products, 1 kilo of water is evaporated for 100 
kilos of beets sliced. When using good machines with full admis- 
sion, the amount of exhaust steam is estimated at 30 kilos per 100 
kilos of beets sliced. For the evaporation, a quadruple effect with 
a fore-evaporator is supposed to be used. 

The reheating of diffusion juices is first done in a reheater, 
with the vapors of the last compartment of the multiple effect at 
30° to 50° C., then heated with the vapors from the second com- 
partment to from 50° to 80°C. The vapors from the first compart- 
ment are used for graining of the concentrated juice and after- 
products in pan, also for heating the diffusion, the carbonatation 
juice, and the syrup. 

The first compartment of the quadruple effect is heated with 
exhaust steam from the machines, and, more heat being needed, it 
is furnished by the fore-evaporator, in which live steam is used, 
but in no other apparatus of the beet-sugar factory is live steam 
resorted to. For reheating, the following quantities of heat are 
necessary : 
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1. For diffusion: 110 kilos of diffusion juice from 10° to 30° C. 
=11020=2200 calories; 200 kilos of exhausted cossettes and 
waste water from 10° to 20° C.=200 x 10=2000 calories. 

Cooling during diffusion is about 10° C. for 200 kilos capacity of 
the diffusor for 100 kilos of beets, which corresponds to a heat con- 
sumption of 20010=2,000 calories. Consequently the total 
consumption of heat during diffusion is 6200 calories, equal to 11.7 
kilos of vapor from the first compartment of the multiple effect. 

2. In reheating diffusion juices in the first reheater with the 
vapor from the fourth compartment of the multiple effect: 110 
(50 —380) =2200 calories=4 kilos of vapors from the fourth com- 
partment of the multiple effect. 

3. For reheating the diffusion juices in the second reheater 
with the vapors of the second compartment of the multiple effect: 
110(80—50) = 3300 calories=6.1 kilos of vapor from the second 
compartment of the multiple effect. 

4, For reheating the carbonatation juices from 80° C. to 90° C. 
and to replace 5°C., representing the losses during cooling: 120 
(90—80+5)=1800 calories=3.4 kilos of vapor from the first 
compartment of the multiple effect. 

5. For reheating the non-concentrated juice from 90° to 100°, 
and to replace the 5°C. representing losses during cooling: 120 
(100 —90 +5) =1800 calories=3.4 kilos vapor from the first com- 
partment of the multiple effect. 

6. For reheating 24 kilos of syrup from 60° to 90° C. (specific 
heat of the syrup =0.6): 24(90—60)0.6=430 calories=0.8 kilos of 
vapor from the first compartment of the multiple effect. 

7. For the graining of concentrated juices or syrups, or the 
evaporation of 9 kilos water: 9X551=4959 calories=9.2 kilos of 
vapor from the first compartment of the multiple effect. 

8. For graining and reheating the after-products, the evapora- 
tion of 1 kilo of water and the reheating of 5 kilos after-products : 
580 calories=1.1 kilos of vapor from the first compartment of the 
multiple effect. 

For graining and reheating, the multiple effect must supply, in 
the way of vapor: 


From the first compartment, 11.7+3.4+3.4+0.8+9.2+1.1= 
29.6 kilos 
From the second compartment ............ 6.1 kilos 
From the fourth compartment ............ 4.0 kilos 
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If X is the quantity of water evaporated in the last compartment, 
there should be evaporated in the first X +29.6+6.1; in the sec- 
ond, X+6.1; in the third, X kilos; in the fourth, X kilos. 

The fore-evaporator should supply as much vapor as the first 
compartment may require, besides the 30 kilos of exhaust steam, 
and it should consequently evaporate: 


AX +29.6+6.1 —30=X +5.7. 


The total amount of water that should be evaporated for 100 
kilos of beets is 96 kilos. Such being the case, X is calculated by 
the use of the following formula: 


Oe ee Hea yk P64) 4+ eX 
Se be. 


Consequently the total amounts of water evaporated, and 
caloric transmitted into the different compartments of the evapo- 
rating plant, are as shown in the following table: 


Water EVAPORATION AND Herat TRANSMISSION. 

















Section of evaporating Water Heat 
apparatus. evaporated. | transmitted. 

| Kilos, Calories. 
Fore-evaporator....... 15.4 S162 
First compartment..... 45.4 24,060 
Second compartment... 1538 8,532 
Third compartment. ... 9.7 5,305 
Fourth compartment... OuF 5,432 
OTD S Seid ies 96.0 51,491 





For this evaporation, and for all graining and reheating purposes, 
there are needed the following amounts of steam: 


‘ Kilos. 

Ponaust steam trom en eines 1.5 vec sdosidiegriie os 30.0 
Live steam for fore-evaporator 15.4X1.05...... 16.2 
Pet lintel atin Wile ats Rus liectliys. shea icthed vob 46.2 


If, instead of the numerous machines with full admission, there 
are used only a few expansion engines, the quantity of exhaust 
steam required will be smaller. Under these circumstances one is 
obliged to use Just that much more live steam in the fore-evaporator, 
and therefore this apparatus becomes most important in factories 
of modern design. 
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Besides the 46.2 kilos of vapor for evaporation, reheating, and 
graining, there is needed: 

1. Steam to replace what condenses in the pipes and in the 
machines on its way from the boilers to the first compartment of 
the multiple effect. For the full-admission machines, this amounts 
to about 20 per cent of the exhaust reaching the first compartment, 
that is to say, 6 kilos. 

2. To replace the steam lost through the cooling of the vapors 
of the multiple effect and vacuum pan, and also the loss through 
leakage, steaming out the vacuum pans, etc., between 10 to 20 per 
cent of the total steam used should be added. Consequently there 
is needed for the heating the following amounts of steam: 





Kulos. 

Evaporation, graining, and reheating ......... 46.2 
Losses in the machines and pipings........... 6.0 
Other TOSSES. on Neen: Are ees ee ee 5.2to 10.4 
57.4—62.6 


A beet-sugar factory, when working under the conditions above 
described, needs 7.5 kilos of coal for 100 kilos of beets sliced, which 
supposes an evaporation of 8 kilos of water per 1 kilo of coal, or 
less than 7 kilos when it is possible to evaporate 9 kilos of water 
with 1 kilo of coal. In German factories the consumption of steam 
and coal is increased owing to the stoppage on Sunday, which 
causes an additional one-fourth to one-half per cent of coal. 

The quantity of vapors of evaporation to be condensed in a 
central or separate condenser is 5.6 kilos from the multiple effect 
and 10 kilos from vacuum pan, or a total of 15.6 kilos. 

Ly applying the principles explained by CLaassEeN, under the 
caption ‘‘ Heating Surfaces,” the results given in the first table on 
page 227 are obtained. 

As the vacuum pans used for graining concentrated juices or 
syrups and after-products are not always working, and, as in most 
cases, the graining is accomplished more or less easily, it is- im- 
portant to allow at least 50 to 100 per cent more heating surface 
than that determined by calculation. As regards the multiple 
effects an increase over their theoretical and calculated heating 
surfaces should be allowed for, especially when the incrustations 
are not removed at least once a week, or when the juice deposits 
are in abnormal quantity. There is no need of increasing the heating 
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surfaces on account of a momentary increase in the working capacity 
of the plant, for the reason that this fact has already been taken 
into consideration by supposing that 100 tons instead of 144 tons 
are being. sliced per diem, and the heat transmission coefficients 
make allowance for this fact. 

CLAASSEN’S CALCULATION OF THE Hi®aTING SurRFAcES FOR WorKING 100 


KiLos oF Berets IN ONE MINUTE, CORRESPONDING TO THE PRACTICAL 
Suicine oF 100 Tons PER DIEM. 


Calorie | Fall of | Coefficient Ne 
Apparatus. trans- | Temper- of heat eating 








mitted. ature. trans- surface. 
MiIssion, 

Calories. SECs Sq. m. 
MOLO-CV ADOLAlOL ice ee MG ee eee 8160 10 50 16 
Evaporator: First compartment. ....| 24060 8 45 67 
Second compartment...| 8530 9 30 32 
Third compartment. ...}| 5310 10 20 27 
Fourth compartment...| 5430 LZ 12 wu 
First reheater diffusion juices....... 2200 20 5 18 
Second reheater diffusion juices.....| 3300 39 D 20 
Reheating carbonatation Juices. ..... 1800 20 5 18 
Reheating filtered juices.......... weer SOO 10 10 18 
PUCHeatING SY TUDS: «a2... cas des ha 430 30 5 3 
Cramung first Su aTsic. ns Masti, te 4960 30 10 Roy 
Graining after-products............ 580 30 5 4 


To compare the efficiency of the different modes of evaporation, 
as proposed by the three leading experts mentioned in the fore- 
going pages, their calculations must be reduced to one standard, 
as given in the following table. 


CoMPARIsON OF THreer Meruops oF EvarporaATION BY COMPARATIVE Data. 

















Bas. 2 1 2 
© S| « laze | 88 
ae o | an& ard g¢ 
eae| #2 |f8e jews] 88 
Authority. Type of plant. aoa ES ae Be ea) 2 2 J 
OB, 3 & oo s BSoK aks 
B°S.8 a) Bead) Foe 2 5 OF 
ier Me hat pS s 
: Deg.C.| Cm. | Kilos. | Sq.m.| Kilos. 
Dussin. | ‘Triple effects... os 6.0%: 111.5) 59.5 30 665 172,000 
H.-Dion.| Triple effect............ 2 Ol 33 600 = 
Ciaassen| Triple effect with fore- 
evanoratonidl25- Ol iS pe o7 40 495 |* 231,000 


* This includes all the steam needed for heating and graining. 


The Weibel-Piccard evaporating plant is calculated on the 
following basis by Svorcix.! It is supposed that the apparatus 
under consideration is a triple effect, in which the first com- 


WBE TP I87 1883, 
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partment receives the exhaust steam from the collector and 
the two other compartments. A portion of the resulting vapors 
from the first compartment is drawn off by the compressor and 
forced back into the heating chamber of the same compartment. 
The juice entering into the first compartment is at a temperature 
of 75° C., the steam used for heating is at 110° C.—which corresponds 
to an absolute pressure of 1.41 and a total heat of 640 calories per 
kilo of steam.. In the first compartment the boiling is effected at 
94° C.—corresponding to 0.81 absolute pressure and 635.17 calories 
—and this vapor is compressed at 110°C. The work # to be accom- 
plished by the compressor for one kilo of steam is expressed by the 
formula 


H= vp. A log, nate mE 
v=volume of the steam at the absolute pressure of 7, 
p’ =0.81, 
po hl, 


log. nat. 1.74=0.57, 


A =pressure in kilos per square meter of one atmosphere = 10,334. 
Substituting for the letters their equivalents, we have 
H=1.25X1.41X 10,334 0.57 = 10,382. 


10,382 
424 





The theoretical equivalent is = 24.48 calories. 

The compression results in adding to the total steam 635.17 calories 
+24.48 calories =659.65 calories. But as steam saturated at that 
temperature and at a tension of 1.41 absolute atmospheres should 
contain a total heat represented by 640 calories there has resulted 
a superheating of 659.65 —640 =19.65 calories. 

To calculate the quantity of water evaporated per kilo of ex- 
haust steam it is supposed that 529 calories may be utilized, and 
that the condensed water carries off the difference. On the other 
hand, to evaporate one kilo of water at 94° C. there is needed 
606.5 +0.805 X 94—75=560 calories. One kilo of exhaust steam 


will evaporate 2 = 0.9446 kilos of water in the first compartment 


which returns to the compressor. One kilo of this vapor will con- 
tain 606.5+0.3805 X94=635 calories. Consequently, 0.9446 will 
contain 635X0.9446=600 calories, the compression will add 
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24.48 X0.9446 =23.12 calories, or a total of 600+23.12=623.12 
calories. But as 640 calories are needed to evaporate one kilo of 
water at the absolute pressure of 1.41 atmospheres there is yet 
needed 640 —623=17 calories to be supplied by fresh steam. Of 
the total work to be accomplished during that part of the evapora- 





tion the compression will contribute 80 per cent, and 
fresh steam that is added to make up for the deficiency, ae 


=2.65 per cent. 
The work H of the compressor for one kilo of steam is calculated 
as follows: | 


E,=v.p. A log. nat. 


v =volume of one kilo of steam in cubic meters = 0.447, 
p =4 absolute atmospheres, 
p’ =pressure of exhaust steam 1.41 atmospheres, 


log. nat. 7 0.834; consequently, 


/ 


EH, =0.447 X4X 10,3834 X0.834=15,410 kg. meters. 


It may be concluded that the work of steam in the cylinder of 
Hy, 15,410 
mm oecoe 
Therefore, one kilo of steam introduced into the cylinder of the 
steam engine can compress 1.484 kilos of vapor from the first com- 
partment of the multiple effect to 1.41 absolute atmospheres, or, 
in other words, it may be said that one kilo of live steam can evap- 
orate, with the assistance of the vapors of the first compartment, 
1.484 kilos of water; furthermore, this kilo of live steam will 
evidently give one kilo of exhaust steam at 1.41 atmospheres, 
containing 640 calories. One kilo of vapor of the first compart- 
ment may evaporate one kilo of water in this same compartment, 
but as there are lacking 17 calories there will be taken this heat 
from the exhaust steam for the 1.484 kilos of vapor which the 
engine will compress with one kilo of live steam or 1.484X17= 
25.23 calories. Of the 640 calories contained in the kilo of exhaust 
steam there will still remain 640 —25.23=614.77 calories, which is 
614.77 
640 
actually needed to conduct the evaporation in the first compart- 


the engine exceeds that of the compressor by 


equivalent to =0.96 kilos of exhaust steam more than is 
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ment, combined with the compressor. This exhaust steam must be 
utilized;in one form or another, and it is used in a triple effect in 
evaporating an additional quantity of water in the first compart- 
ment, causing an increase of vapor which helps the evaporation in 
the other compartments of the apparatus. 

The first compartment receives steam at 110° C., boils at 94° C. 
and its transmission coefficient is 14. The second compartment 
receives vapor at 94° C., boils at 78° C., and its coefficient is 11. 
The third compartment receives vapor at 78° C., boils at 62° C., and 
its coefficient is 9. From what has been said it follows that one 
kilo of exhaust steam at 1.41 atmospheres absolute pressure may 
evaporate 0.9446 kilo of water at 94° C. Consequently, 0.96 kilo 
of exhaust steam can evaporate 0.9446 X0.96 =0.906 kilo of water 
in the first compartment; the second compartment will receive 
0.906 kilo of vapor at 94° C., which will there evaporate 0.967 
kilo of water; and the third compartment receives 0.967 kilo of 
vapor at 78° C., which will evaporate 0.975 kilo of water. The 
results of the entire discussion of this subject may be tabulated as 
follows: 


One kilo of live steam will evaporate 


1.4 % kilos through the means of the compressor, 

0.906 kilo through its exhaust steam in the first compartment, 
0.967 kilo‘through its exhaust steam in the second compartment, 
0.975 kilo through its exhaust steam in the third compartment, 


4.248 kilos of water, total. 


©? The heating surfaces of the different compartments are calculated 
upon this basis and also upon the heat-transmission coefficients. 


CHAPTER Xil. 


CALCULATIONS RELATING TO VARIOUS PORT:ONS OF A 
MULTIPLE EFFECT. 


It is not sufficient that a multiple effect should merely have 
the requisite heating surface to produce the desired concentration 
of juice. Itis essential that the other elements be arranged for this 
work, so that all losses of head will be reduced to a minimum. It is 
important that the juice be properly distributed in each part of the 
apparatus, and that the evacuation of the vapors and ammoniacal 
waters be assured and effected with regularity. In other words, 
the object to be attained in economical evaporation is the greatest 
fall ef temperature and the least possible loss of heat and expendi- 
ture of motive force. 

The first thing to be considered in a triple effect is the best 
method of distributing the vapor in the tubular portion of the 
apparatus, combined with regularity of evacuation of condensed 
water. In a multiple effect one should endeavor to produce the 
greatest possible amount of steam, and care for its rapid condensa- 
tion. his is realized either in the tubular portion of the following 
compartment, which acts as a surface condenser, or in the condenser 
at the other end of the apparatus. To obtain a rapid condensation 
of the vapors or steam it becomes necessary for the connecting 
pipes to be of considerable size, so that the existing friction may 
not retard the circulation. This is what occurs in low-pressure 
machines and has been in a measure utilized in the calculations that 
follow. 

The 320,000 kilos of water to be evaporated in 24 hours (as 
supposed in the Horsin-Dton plant) equal 13,300 kilos per hour. 
Consequently, each compartment has to evaporate 4444 kilos of 
water per hour, or about 1.23 kilos per second. The temperature 
in different parts of the apparatus is: 112° C. in the exhaust steam 
collector; 101.25° C. in the first compartment; 86.5° C. in the 
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second; and 60° C. in the third. Under the corresponding pres- 
sures one kilogram of steam will occupy the following spaces: 


Liters. 
In the exhaust collector 1200 liters and 1.23 kilos will occupy....... 1500 
First compartment 1630 liters and 1.23 kilos will occupy. ............ 2000 
Second compartment 2680 liters and 1.23 kilos will occupy........... 3300 
Third compartment 7900 liters and 1.23 kilos will occupy............ 9700 


The calculations which follow apply to the standard type of a 
triple effect. 

The steam-conducting pipes should be calculated, making allow- 
ance for the friction created on the angles. The velocity of the 
moving gases being less than 30 meters, 20 to 26 meters is considered 
a reasonable limit. In making the calculations the sections of the 
pipes allowed for should be sufficient for an emergency of extra 
work. When the quantity of steam produced in a compartment 
and the section of the pipe connecting it with the next section are 
known, one may obtain the actual flow by the use of the formula: 


Eds, Oa “teh Anais ae gr 


sx 





in which Q is the volume in liters of steam escaping per second 
through the pipes, 
s=the section of the pipe in square decimeters, 
V =the actual velocity of the flow in decimeters, 
m=the coefficient of friction which in this case is about 
0.8. 


It is supposed that the triple effect under consideration for the 
working of 4000 hl. has the following general dimensions: 


Meters. 
From centre to centre of the compartments. ...................006- 2.50 
From third compartment to the centre of sugar arrestor.............. 2.60 
Between the first and second compartments and their catch-all... .. OF eG 
Between the centre of the connecting pipe to the floor of platform. .... 2.85 © 
From floor of. platform to the centre of pump. ..:...........+5%..2.5 ie 


Calculation of the pipe connecting the first compartment and 
exhaust-steam collector.—It may be supposed that the pipe is one 
meter long and has two bends, and that the valve is constructed 
so as to produce the same friction as a bend. By using formula (1) 
we would have for a section of pipe, knowing the volume of vapor 
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to be 1500 liters and its velocity 25 meters (250 d.m.), the follow- 
ing equations: 
1500 1500 


2000.8 ° 250x08 


Sah E | at 5, eae ee 
Consequently, the diameter=0.310 m. In order to make allow- 
ances for the two bends another formula must be used,! by means 
of which the velocity is obtained, which, instead of 250, becomes 
175. The calculation of (2) then is 
1500 . 
ps tae 
and the diameter becomes 0.37. 
The diameter of pipe connecting the first and second com- 
partments is calculated in very much the same manner by means 
of formula (1): 


2000 2000 ; 
250 =~ 8 hence S=sR 087 LY: ee (3) 


The diameter becomes 0.357. Then, again, there are two bends 
which may be considered in one case at right angles, and in the 
case of the sugar arrestor the bend need not be allowed for at all, 
owing to its excessive diameter. The ultimate velocity dependent 
upon these bends is obtained by the use of the formula previously 
mentioned, and becomes 111.2 instead of 250. By substituting 
this amount in the calculation the final section is found to be 
0.2247, but correction must be made. Previous calculations show 
that the velocity with which gases flow is inversely proportional 
to the square root of their density, and consequently if it is ad- 
mitted that the final velocity of the vapor in the pipe is 25 meters, 
the velocity in the other pipes should be in the proportion of Vd to 
Vad’, d and d’ being the respective densities. In this case 

Vide 

Vd 
The section, 0.2247, becomes 0.2089, which will give a diameter 





=().93. 


of 0.515 m., with an initial velocity of "26.8 m, 


By continuing the argument for the second compartment one 
finds that the initial velocity of the vapor is equal to 32 m., and in 
the third, connecting with the condenser, 50 m. At such velocities 


1 This formula is too complicated for use in the present writing. 
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the losses through friction, etc., need not be considered. When 
the calculations are repeated, as in the foregoing for the second 
and third compartments, the diameters of the pipes will be found 
to be 560 and 800 mm. If no allowance had been made for the 
bend in the pipes their diameter would have been only 700. In 
case a triple effect is to be heated by direct steam, the steam pipe 
calculated according to the rules in question would have a section 
of s=0.0260 sq. m. and a diameter of 0.18 m. Dxsstn, on the other 
hand, introduces many other elements, and adopts many lower 
coefficients to make allowances for loss of head due to friction 
against the sides of the pipes. 

In his previous calculations a fall of temperature of 12.5° C. 
was admitted for each compartment. As there is a flow of steam 
from the upper part of one section toward the tubular cluster of 
the following one, there must necessarily be a difference of pressure 
between the two, which means a difference of temperature. This 
may be admitted to be 0.5 C., and it may be demonstrated that 
the existing difference of pressure is sufficient to force the flow, 
provided, however, that the section of the pipes through which it 
circulates does not for one reason or another become reduced. 
This would result in an abnormal velocity of the steam. To de- 
termine the velocity corresponding to 0.5° C., supposing that the 
vapor leaves the first compartment at 97.5° C., or 0.954 atmos- 
phere absolute pressure, its temperature upon reaching the second 
compartment is 97° C. and the pressure causing the flow is 


0.954 —0.930 =0.024 of an atmosphere, 


or that of a column of water 0.24 meter high. The formula ex- 
pressing the rapidity of flow of gas and watery vapors through an 
orifice is too complicated for the present writing. Simplified, it 
becomes V=V/ 2g, in which EZ is the column of water representing 
the difference of pressure or head resulting in the flow. In the 
case under consideration it is 0.24 meter, and the velocity is then 
found to be V =66 meters. 

The actual velocity does not approach this, and to make allow- 
ance for the error certain coefficients must be adopted, which again 
leads to very complicated calculations. Approximately, 0.50 
may be taken as the total coefficient, and the velocity of flow from 
one compartment to another is admitted to be 33 meters. If the 
same arguments and calculations were applied to the steam pipes 
it would be found that the exhaust steam enters the first com- 
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partment at a slightly higher velocity, while that of the vapors upon 
reaching the third compartment is a little Jess. Consequently, 
from a practical standpoint, a velocity of 30 meters per second 
may be considered as an average. Upon leaving the third com- 
partment, however, in order to avoid an exaggerated section for 
this pipe, the vapors are allowed to attain a velocity of 50 meters 
per second, as the loss of temperature is not any longer an ob- 
jection. 

Dessin’s calculation of exhaust-steam pipe.—Upon the basis 
mentioned in the foregoing paragraph it is possible to calculate 
the section of the pipe that brings the steam from the exhaust- 
steam collector to the first compartment of the multiple effect. 
The weight of exhaust steam per second entering the first com- 
partment at a temperature of 111.5° is, in DESSIN’s example, 


76,950 


94X60 X60 =().89 kilos. 


As a kilo of this vapor occupies a volume of 1.16 cb. m., the volume 
of vapor per second entering the first compartment will be 


0.89 X 1.16 = 1.0324 cb. m. 


At 30 meters velocity the section of the valve where the steam is 


taken will be 

1.0324 
requiring a diameter of about 210 mm., or, in round numbers, 
13.5 sq. mm. per hectoliter of juice handled. The volume of the 
vapor per second entering at 97° C. into the second compartment is 


__ 216,000 
3X24 60 X60 


At 30 meters velocity the section of the pipe connecting the first 
and second compartments will be 


1.5142 
30 
or a diameter approximately of 260 mm., corresponding to an area 


of 19.8 sq. mm. per hectoliter of juice. The volume of vapor per 
second entering the drum of the third compartment at 80° C. is 


216,000 
3X24 60 X60 


X 1820 =1.5114 cb. m. 


=().0505 sq. m., 


X 3.44=2.8620 cb. m. 
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At 30 meters velocity per second the section of the pipe connecting 
the second and third compartments will be 

2.8620 
or a diameter approximately of 350 mm., corresponding to an area 
of 37.4 sq. mm. per hectoliter of juice. The volume of vapor per 
second leaving the third compartment at 58° C. is 


216,000 


3329460 X60 9 = 7.0470 cb. m. 


At 50 meters velocity the section of the pipe through which this 
vapor escapes will be 
7.0470 


3p 0-140 sq. m., 


or a diameter of 420 mm., corresponding to an area of 54.8 sq. mm. 
Calculations of very much the same kind may be made for the 
determination of the sections of the pipes of multiple effects, con- 
sisting of more than three compartments, velocities of 30 meters 
per second for the connecting pipes, and 50 meters per second for 
the exit to the condenser being supposed for these cases. 

The calculations of the section of the pipes for the juice and 
condensed water have not the same importance as those just men- 
tioned. It is very important, however, that they should be suff- 
ciently large to do the work required of them. . 

Horsin-Déon’s calculations relating to the feed pipe of a triple 
effect are of interest. The juice should circulate in the pipe at a 
maximum velocity of about 3 meters per second, and as all the 
juice must pass through it there will be a flow of 4.63 liters per 
second. The diameter of the pipe may be found from the formula 
previously given, viz: 

zD?Kv 
Q= Alay 
in which the coefficient K is about the equal to 0.6. By substitu- 
tion the equation becomes 


4.63 = 





aD? X0.6X3 
aug ee 


Therefore, s=0.057 m. and D=0.180 m. 
In this case there need be no apprehension regarding the use 
of a pipe of excessive dimensions, as the entrance of the juice into 
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the apparatus is regulated by a pump or valve cock. The other 
_ juice pipes may have the same or a smaller diameter. Those for 
the exhaust, ammoniacal vapors, etc., may be calculated in very 
much the same manner. It is needless to elaborate the subject 
further, but it is interesting to note that steam pipes should be 
large enough, proportionately, to compensate for friction, etc., 
and to prevent the absorption of a portion of the motive power. 
Dessin’s calculation of the section of the condensed water 
pipes, and size of the ammoniacal water pumps.—The section of 
the pipes for condensed water may readily be determined. For 
a triple effect with 300 square meters heating surface, certain ele- 
ments of which have already been calculated, the water to be ex- 
tracted from the first compartment has already been shown to 
be 0.89 kilos per second; and if we admit, as is customary, an aver- 
age flow of 0.50 meters per second, the section for the pire will be 


“= 0.178 sq. dm. 


This corresponds to an interior diameter of 48 mm., which in prac- 
tice would be 55 to 60 mm. ; 

The suction pipes for the ammoniacal water may be calcu'ated 
like those for the condensed water of the first compartment. The 
amount of water to be extracted from the last two compartments 
is, for a triple effect of 800 square meters heating surface, 


216,000 


330460560 082 liters per second. 


If the velocity of circulation is 0.50, it would require a secticn of 


“= 0.166 sc/sclinis, 


corresponding to a diameter of 46 mm. ‘This would be suitable for 
a continuous flow; but when the pump works during one-half 
stroke, to retain the velocity of 0.50 m. per second, it becomes 
necessary to double its capacity, and the interior diameter of the 
pipe should consequently be practically 75 mm. 

The calculations relating to the most desirable sizes for am- 
moniacal water pumps, the stroke and velocity of which correspond 
to those of the air pump, to which it is generally connected, 
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are as follows: In the case under consideration the pump should 
remove per minute 


2X0.83 X60 = 996 liters of water. 


Under the conditions of its working, the efficiency is not more than 
60 per cent, and the pump should give a volume of 1.810 liters per 
minute to meet the requirements. This permits the determination 
of the diameter of the pump and the length of stroke, the number 
of strokes being determined in advance. 

Arrangements for ordinary condensers.—Generally these ap- 
pliances are entirely too small. The phenomenon, considered the- 
oretically, should be instantaneous. This condensation results 
in at once liberating the gas and the air that will not condense, 
the volume of which represents more than a hectoliter per kilo 
of vapor. It stands to reason that, if the capacity of the condenser 
is not sufficient to contain the free gas and the new vapor to be 
condensed, as the efficiency of the pump is checked when passing 
over the dead points, these gases will momentarily offer an obstruc- 
tion to the condensing action of the water. This difficulty is very 
apparent, because the vapor has a very low density. For this rea- 
son it is customary to give to the condensers a minimum capacity 
equal to four or six times that engendered by the piston of the 
air pump during one-half stroke. 

Horsin-Déon’s views on condensers.—The capacity of the con- 
denser should be sufficient for the water spray to develop, and for 
the velocity of the vapor upon entering the appliance to be retarded. 
Furthermore, the water should produce its maximum cooling effect 
upon the inert gases. The diameter of the condenser should be 
greater than that of the connecting pipe, but it is very difficult to 
determine its capacity. In steam engines it is frequently equal to 
a quarter of the volume of the cylinder of the motor; and if this pro- 
portion is adopted, the condenser will have a capacity equal to one- 
quarter of the volume of the vapor to be condensed per second. In 
the third compartment there are 9700 liters of vapors to be con- 
densed per,second. If the condensing cylinder has a diameter of 
one meter, its height would be 1.272 meters for one cubic meter 
capacity, and into this cylinder the 30 liters of water are injected. 

Large condensers are recommended, for the reason that the in- 
jected water generally contains air in solution in quantities represent- 
ing one-twentieth of its volume; and if a calcareous water is used, a 
certain volume of carbonic acid is liberated under the influence of 
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the vacuum and the heat. Making allowance for these facts, 30 
liters of water will contain about 1.5 liters of air at the atmospheric 
pressure, and, at a pressure of 1/8.6 atmospheres, 1.5 8.6,for 12.90 
liters. The dilatation of this air corresponds to that of the vapor 
entering the condenser. The volume becomes about 15 liters in 
making allowance for the temperature, or one-half that of the water 
from which it arises. Furthermore, in all appliances ammoniacal 
vapors are evolved, to which may be added the air from the juice 
‘itself and the air entering through leaks, giving a total of 30 liters 
of non-condensable vapor introduced into the condenser per second. 
As a general thing, condensers have a capacity of 300 liters, the 
water and the non-condensable vapors occupying a volume of 60 
liters, or one-fifth of the total. If the capacity of the condenser 
were 1000 liters, the non-condensable vapors would be distributed 
over an area three times greater, and their pernicious influence upon 
the condensation would be one-third as great. The whole question 
of the volume of a condenser is based upon many empirical con- 
siderations, but upon general principles it should be as large as pos- 
sible, and at least three times greater than that of the air pump. 
Quantity of water to be injected.—The volume of water neces- 
sary to be injected, in order to condense the vapor formed in a triple 
effect, is calculated by the following formula (Morin): 
Spoor i) 
e [prey 


P represents the weight of the water necessary for the condensation ; 
» represents the weight of vapor to be condensed ; 

T, the temperature of the vapor to be condensed ; 

T’, the temperature of the water leaving the condenser ; 

T’’, the temperature of the water injected. 


In a triple effect of 4000 hl. (the same as the one considered by 
Horsin-Dton in his original calculation), 
Dee on ictlog el = O07. OY = 5° C= 10° C, 
1.23(550 + 60 — 55 
ee 15.17. 
This is a minimum quantity. In Derssin’s calculations the letters 
have the following significance: 


Je 


T =58° C.=temperature of vapor to be condensed ; 

T’, the temperature of the products of condensation, is equal to 
40° C.; 

T’’, the temperature of the injected water, 15° C. 
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Replacing the letters by their equivalents, the equation becomes 


550 + 58 — 40 


40 —15 == 2. bers: 


That is, the condensation of one kilo of steam flowing from the 
third compartment of a triple effect demands theoretically 22.7 
liters of water, or about 30 liters, making allowance for unknown 
factors. 

JELINEK! states that, at the beginning of the sugar campaign, 
the conditions are expressed by the formula: 


550 + 60 — 35 


8 One =O liters. 


He says, however, that an average of 30 liters may be considered. 

The pipe conducting the injected water into the condenser 
should have a diameter that will allow the spray obtained to reach 
the top of the condenser. Horsin-Dton uses for the calculation 
the following formula: 


Q = KSv =k. 


Q =the effective expenditure through the opening of the pipe; 
S =the section of the pipe; 

D =the diameter of the pipe in decimeters; 

v =the average velocity of the liquid; 

K=the coefficient of expenditure of water delivered. 


The coefficient, A, depends upon the pressure of the liquid and 
the diameter of the pipe, which value may be obtained from specially 
arranged tables; therefore, 

7D? 


3s0= zie Khan 


But v= V2ghS, and h equals 10 meters, corresponding to the 


barometric column reduced by the distance from the condenser 
to the surface of the water in the well. If that height is 5 meters, 
then / is also 5 meters, and, as d’=1, we have V =36.5: if K=0.60, 


2 
30="" 0.60365, from which it is concluded that D=0.153 m. 


1 JELINEK, Verdampfapp., 98, 1886. 


MULTIPLE-EFFECT CALCULATIONS. 241 


and S=0.018385 sq. m. ‘The section of the spraying or injection 
device should be about the same as that of the pipe itself, owing 
to the contraction of the liquid vein, which has an influence 
on Q that may be represented by a coefficient very like that of K. 
The section of the pipe where the injection takes place should be a 
fraction larger than the pipe conducting the water, so as to diminish 
the loss caused by friction, etc., during its passage through the 
turns and bends of the pipe. Under these conditions the water 
readily passes into the injecting apparatus. 

In the calculations of Drsstn the head of the flow is somewhat 
different. The following conclusions are reached, based upon the 
plant previously considered. ‘The section of the pipe used for the 
injected water is calculated from the volume to be introduced and 
the velocity of water in the pipe, the latter being deducted from 
the formula V=*\/2gh, to which must be applied a special coefficient 
making allowance for the contraction of the vein. This may be 
supposed to be 0.60 to 0.65. In the formula, hf represents the height 
of water in meters to produce the flow, and is evidently equivalent 
to the vacuum existing in the condensers, diminished by the height 
of the suction and the losses of head due to the length of the 
injecting pipe, which in many cases is considerable. With a triple 
effect having 300 square meters heating surface, the volume of 
water to be injected into the condensers is 25 liters, according to 
previous calculations. The vacuum is supposed to be at 66 cm. of 
mercury, which corresponds to a column of 9.5 meters of water. 
Supposing that the water is to be raised to a height of 4 meters, 
and that, owing to the length of the pipe, the losses of head, calculated 
on an approximate basis, are represented by 2.5 meters, the charge 
tending to produce the flow will be 


9.5—(4+2.5) =3 meters. 


The velocity of the flow will be V =0.60,/2 X9.81 X3=4.60 meters. 
The section of the injecting cock should then be 3-0. 54 <quare 


decimeters. This supposes a diameter of 83 mm., and, to make 
allowances for all possible obstructions, it may be called 95 mm. 

It must be understood that the data cannot be taken too lit- 
erally, and, wherever the pipe conducting the water used for injec- 
tion is of an exceptional length, the calculations should be modified 
accordingly. 
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Calculations relating to dry- and moist-air pumps.—Whatever 
be the design of the pump, it should have a minimum of dead spaces. 
At the instant when the piston has reached the end of its stroke, 
the dead spaces (estimated at 4 per cent) are filled with compressed 
gases at the atmospheric pressure. ‘The piston, upon resuming the 
stroke, can commence its suction only when the gases in question 
have expanded to the effective pressure existing in the condenser; 
that is to say, at 0.0722 atmospheres in the case of a 66 cm. vacuo. 
According to the Mariotte law, this tension can be realized only 
when the volume behind the piston is 





that engendered by the piston being represented by 1; in other 
words, when the piston has travelled, 


0.55 -0.04=0.51, 


or fifty-one one-hundredths of its stroke. In moist-air pumps, the 
dead spaces are generally filled with water, and the dead spaces 
have not the same importance as in dry-air pumps. 

Size of moist-air pumps.—The moist-air pump has not been 
sufficiently studied in most countries where beet-sugar is made. 
DeEsstn pointed out some years ago that its dead spaces corre- 
sponded to a volume equal to two or three times the volume en- 
gendered by the piston during one-half stroke, and this means an 
efficiency of only 60 per cent of what is called for in theory. 

The air pump must draw from the triple effect ,— 

1. The condensed vapor from the third compartment. 

2. The water injected. 

3. The expanded vapor from the second and third compartments, 
supposing that there is no special pump. 

4. The air contained in the injected water, or one-twentieth 
of the water. 

5. The air contained in the juice to be evaporated, or one- 
twentieth of the juice. : 

6. The air contained in the three compartments and the con- 
denser when empty. 

Furthermore, as the vapors of the apparatus contain incon- 
densable gases, air, carbonic acid, etc., certain difficulties arise 
during condensation. The quantity of non-condensable gases has 
been very differently estimated by the leading experts. According 


se 
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to Horstn-Dion, the juices lose 0.0112 kilos of nitrogen through 
the proteids and 0.0062 by the ammoniacal salts during evapora- 
tion, which means 0.023 kilos of ammonia rer 100 kilos of juice. 
This ammonia returns to the condenser. The 4.8 kilos of juice 
evaporated per second lose consequently 1.104 grams of ammonia, 
or about 10 liters, which volume should be doubled in making 
allowance for inferior beets, and, calculating on a very general 
basis, it may amount to 20 liters. 

Air enters abundantly through leaks, around the look-glasses, 
through the cocks, and by the juice pump, and, taken collectively, 
may be estimated as one-fourth per cent of the condensed vapors, 


or oe of 9.700, amounting to 24.25, or about 25 liters. 


A statement of the water, air, and vapors present is as follows: 


Liters. 

1. Condensed watery vapor in the third compartment..... 1.23 
2. Injected water........ Pte GR ee uO OU 
3. Air contained in the as Poa Lares A enone OU 
4, Air of the total juice, one-twentieth of dpup anes ero) 
ame ON BOA CeO berm at e vice taba hihi glmedotinwts a teee20 00 
6. eee ee eens MO aS peg cn tng ORO 
Or pare re I tee aay ele a 98 Doe 


Attention is called to the fact that a pump that would develop 
so small a volume would be of very little assistance in obtaining’ 
the necessary vacuo. A frequently accepted rule for an air pump 
is, that it should have a cylinder with an active volume correspond- 
ing to eight times that of the water injected. If this statement is 
adopted, the volume developed by the pump would be 260 liters 
per second. If the pump makes forty strokes, it should have a 
volume of 340 liters. This is larger than is usual in French multiple 
effects. It is not customary to exceed 300 liters with pumps of a 
0.7 m. diameter and a stroke of 0.8 m. Horstn-DEOoN calls atten- 
tion to the great variance in the size of the pumps in actual use,. 
and points out that for a triple effect the volume should be from 
11 to 14 times that of the water injected per second, and that the 
reason so limited a vacuum is frequently obtained in triple effects 
is, that the pump is too small by one-half. 

Desstn’s calculation is very much the same as the foregoing. 
He supposes that the vacuum existing in the apparatus is about 
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66 cm., corresponding to an absolute pressure of 0.0722 atmos- 
pheres at a temperature of 40° C. At that temperature also the 
condensed waters leave the air pump. Air and other non-con- 
densable gases are brought to that temperature, and occupy a 
volume that depends upon that temperature and the vacuum. 
They should be allowed for, but this would complicate the calcula- 
‘tion without giving it more accuracy, as the amount of these gases 
can only be estimated. 

Under the conditions just mentioned, one kilo of vapor at 40°C. 
‘will occupy a volume of 19,700 liters. The total volume to be 
extracted from the condenser with injector, per kilo of condensed 
vapor, by the use of a moist-air pump, is as follows: 


Liters 

1. Volume of condensed vapor leaving third compartment............ 1.0 
2. Volume of injected water necessary for the condensation of this kilo 

OF VaDOPy 6... ORY erie he ahs 2 ye ear ee 30.0 


3. Volume of air in solution in the juice men introduced into the appa- 
ratus and equal to one-twentieth of its volume, or a =(0.18 liters, 


becomes, upon its reaching the injecting condenser, where the 

absolute pressure is only 0.0722 atmospheres, and where it expands, 
OclSae 

) 0.0722 ©» a. Ie) .8" (8) 6 it oho, 6: Je 0) wis te! to, Fe Lelie) eo Helmet ems 

4. Volume of air in solution in the injected water, representing one- 


according to Mariotte’s law 


twentieth of its volume, or SO = 1.5 liters, when expanded in the 


le 
condenser, become ———-=" 2 VR ee ee eee ae K 


5. Volume of ammoniacal gases, the outcome of the decomposition of 
organic substances contained in the juices, etc. To allow for 
this quantity it is admitted to be approximately .05 per cent of 
the volume vapor to be condensed, which in this case will be 

0.519.700 _ 


The total volume to be removed from the condenser per kilo 
of condensed vapor is 152.7 liters. If 0.55 is adopted as a coeffi- 
cient of efficiency for the moist-air pump, the volume engendered 
by the air piston for one kilo of vapor to be condensed may be 
deducted, 


15257 
0557 277.64 liters, : 


v 


or, in round numbers, 280 liters. If we again consider the triple 
effect of 300 square meters heating surface, and admit that from 
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its third compartment there leave 


216,000 


3xC9AC60 = kilos per minute, 


the volume engendered during the same interval by the air pump, 
in connection with it, should be at least 


50 X 280 = 14,000 liters. 


This calls for a pump of 0.53 m. in diameter and 0.6 m. stroke. 
In this problem, one of the most difficult factors to make allowance 
for is the air that penetrates through leaks; hence the importance of 
making a practical test of a triple effect with its air pump, etc., 
before filling with juice. It must not be forgotten that one liter 
of air at atmospheric pressure becomes 14 liters when entering the 
condenser. 

Calculation of the size of dry-air pumps.—DeEssIn states that. — 
in the dry-air pumps the practical sucking efficiency is 88 to 90 per 
cent of the theoretical volume engendered by the piston; hence 
the practical efficiency may be conceded to be 80 to 85 per cent. 

The calculation of a dry-air pump offers no difficulty. The 
calculations made for the moist-air pump, previously given in total, 
must be considered. It may be concluded that the volume of in- 
condensable gases to be extracted from the barometric condenser 
per kilogram of condensed steam is made up as follows: 


1. Volume of air in the juice upon entering the apparatus and expanded pie 
instive condenser. oss... eh eR Rae pa hey he My SS von aS QAO 

2. Volume of air in the water of injection and expanded in the con- 
CLOSE Tee aware lee ee cs eee ee SR ge RR coh A WRN 205%, 

3. Volume of ammoniacal gases removed by the barometric con- 
LOLS 1 eRe re na Stee een Oe een ta Way Sena tine tse Oks tithe hy GF 43 ‘98.5. 
MOE REE arnt IN. eae RCI eA eh cco nar ais yen aaa 1217 


If the figures 0.8 be taken as the efficiency coefficient of the dry- 
air pump, it may be concluded that the volume engendered by the 
piston of this pump per kilo of condensed vapor should be 


121.70 
0.80 


or, in round numbers, 160 liters. In a triple effect of 300 sq. in. 
heating surface, from which 50 kilos of steam leave the third com- 





= 152.12 liters, 


1The improved air pumps made of late have often an efficiency of 95. 
per cent, and even more. . 
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partment per minute, there will be needed a dry-air pump that 
may handle a volume of 50X160=8000 liters during the same 
interval. ‘This supposes a dry-air pump of 0.38 m. in diameter, 
with a stroke of 0.4 m., and working at a velocity of 90 revolutions 
per minute. 

In the previous calculation for a moist-air pump, it was shown 
that the piston had a diameter of 0.55 m. and a stroke of 0.60 m., 
that is to say, it was very much larger than in the case of the dry- 
air apparatus. The size of the water-injecting pump is calculated 
by supposing 30 liters of water per kilo of vapor to be condensed 
as a minimum. To calculate the size and extent of the cooling 
plant, numerous factors difficult to estimate must be considered. 
It would be necessary in the arguments to enter into the question 
of energy expended through the working of various condensing 
appliances, as local conditions play an important rdle. For ex- 
ample, in one factory the water of injection is pumped from a cer- 
tain depth, in other cases the condensed water from the injectors 
is cooled to be used over again, and each of these cases demands 
special calculations. 
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MANUFACTURE OF RAW SUGAR. 


CHAPTER, I. 
GRAINING. 


Historical and generalities —For commercial and technical 
reasons the thick syrup from a multiple effect, containing sugar, 
must undergo further manipulations that will permit the product 
to be obtained in a crystalline form. This operation is known as 
graining, and consists in eliminating the water until a degree of 
concentration is reached which is followed by crystallization. The 
latter phenomenon will be explained under another heading. The 
graining, properly speaking, is preceded by evaporation up to a 
saturation point, at which moment more syrup is introduced into 
the massecuite being formed. It is to be noted that this evapora- 
tion could not be accomplished in a multiple effect, because the 
temperatures vary with the syrups themselves; furthermore, the 
crystallization has to be conducted at a comparatively high tem- 
perature, and the operation of graining from start to finish is too 
irregular in its working to form a part of the evaporation, hence 
it is effected in special appliances. 

For a long period of years the final concentration of syrups took 
place in open receptacles, and did not essentially differ from the 
evaporation proper. In Continental Europe, even as late as 1880, 
there were some beet-sugar factories still working by that primitive 
method. The first methods to control the progression of the opera- 
tion of concentration were introduced by GuyToN pr Morvrau, 
in 1774, with the use of the areometer; then followed Dutrongp, 


in 1790, with the thermometer. Under the caption of Evaporation, 
247 
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it has already been pointed out that Howarp, in 1813, introduced 
appliances for graining and evaporating in vacuo, from which idea 
originated all the modern apparatus having the same object. 

Concentrated juices or syrups from the last compartment of a 
multiple effect are grained in a vacuum pan, where the juices are 
concentrated and the sugar crystallized. The apparatus should be 
fitted to these two operations, thus giving a superior crystallization 
of sugar. Generally, vacuum pans have very much the same share 
and installation as the compartment of the multiple effects, with, 
however, the modifications essential for the concentration of the 
viscous mass and the final pasty product. Usually preference is 
given to the vertical type with conical bottom. 

A general view of the now obsolete vacuum pan is shown herewith 
(Fig. 115). Several observation lenses of thick glass permit a view 





Fie. 115.—Old-style Vacuum Pan. 


of the interior, so that the progress of the cooking may be closely 
watched. Samples of the syrup may be examined by withdrawing 
a bronze test stick, S. The vacuum pan may be emptied by opening 
a large valve V placed at the bottom. The exhaust pipe, £, for 
air and vapors during cooking, is placed on the upper part, D, and 
the apparatus is properly covered with wood or other non-conduct- 
ing material. The apparatus is heated by three coils, A, B, and C, 
which may be separately or collectively worked, depending upon 
the progress of the graining. 

Vacuum pans at first were almost entirely made of copper, 
but in-1880 iron pans became popular, and after that time their 
shape underwent a few changes. Instead of being spherical’ they 
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were made cylindrical; this shape is more easily constructed, costs 
less, and, furthermore, the exterior surface is more readily covered 
‘ with some non-conducting material. 

Size of vacuum pan.—The working capacity of a pan depends 
upon the work to be accomplished, but very seldom exceeds 500 hl. 
In California’ gigantic pans were introduced many years ago. These 
apparatus could give in a single strike 175,000 kilos of massecuite. 
They were 14 meters high, and had a diameter of 5.5 meters. 

Upon general principles, it may be said that the running of a 
large pan always means an economy of labor—there are, neverthe- 
less, numerous objectionable features not to be overlooked. If we 
suppose a density of 1.5 for the massecuite just before the strike is 
completed, the steam bubbles liberated on the surface of the coils, | 
in order to escape, must overcome an atmospheric pressure before | 
they will be under the same conditions as those boiling on the 
surface of the mass. There necessarily results an exceptionally 
high temperature in the lower stratas of the product being grained, 
and this it is always most desirable to obviate. 

On the other hand, it is not advantageous for the working of 
the factory, especially for the multiple effect, to have only one 
vacuum pan for the graining of the syrups. When starting this 
pan considerably more vapor of evaporation is demanded than 
the multiple effect or the fore-evaporator can supply. As the grain- 
ing in pan progresses the volume of concentrated juice drawn from 
the last compartment of the multiple effect diminishes, the vapor 
consumed is lessened, and at the end there is none used at all, so 
that the juice accumulates in the evaporating apparatus. Every 
beet-sugar factory should consequently possess at least two vacuum 
pans of suitable size, and work them alternately in order to draw off 
the concentrated juice and utilize the vapors from the multiple 

effect regularly. 

' The use of a large vacuum pan is not economical, for direct 
steam must be used at the end of the strike. As the graining in this 
case lasts for a considerable period, the caramelization of the prod- 
uct being worked and the viscosity increase and the mass under- 
goes the preliminary stages of inversion. The subsequent working 
of the massecuite in the centrifugal is rendered more difficult. In 
the case of very large pans the time needed to complete the strike 
is necessarily very great, and the work has to be done by several 


POe-UeZ:, 14; 761, 1888; 
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‘sugar boilers, which also has objectionable features. Large pans 
do not give better sugar than the small ones, nor are the after- 
products better. As the large pans remain idle for several hours 
‘during the day they necessarily cool during this period, and this 
loss of caloric is an important item not to be overlooked. 
Another important item is that large pans are more expensive 
than small ones, and this extra outlay does not give an equiva- 
lent practical return. It is now generally admitted that a 
comparatively small pan will give a greater amount of work per 
unit of heating surface than will a larger pan, provided the mass is 
kept in constant motion. 

The size of a vacuum pan depends mainly upon the period the 
graining is to last. It is very important to have waiting tanks for 
a certain quantity of syrup, so as to be able to meet any emergency 
that may present itself, and thus prevent irregularity in the general 
working. Matanprr points out that this reserve should never 
‘exceed the amount needed for two hours’ graining; otherwise, 
the syrup would cool and there would be danger of fermentations. 
LorsuicH,! discussing the size of a vacuum pan, maintains that 
it has an important influence upon the time necessary to complete 
a strike. In theold types of pan of five meters diameter the operation 
was completed in two hours less time than in the newer shapes. 
Experience seems to prove that there are numerous advantages 
in having the graining finished and the pan emptied in about ten 
hours, that is, counting from the time the first granulation mani- 
fests itself. On the other hand, in certain beet-sugar factories the 
strike is completed in five hours and even less, but this practice 
necessarily materially reduces the size of the resulting crystals. 

Heating surfaces.—The heating surface of vertical pans some- 
times consists of several spiral steam coils placed one over the 
other, or one interwoven with another; or, again, tubes are ar- 
ranged in the form of a lyre. The standard tubular clusters of 
vertical and horizontal evaporators are used also. 

Red copper is generally used for making the coils, owing to the 
facility of shaping it, which is an important factor when the prob- 
lem is to obtain considerable heating surface in a small space. 
The heating tubes are, however, frequently made of iron, which 
possesses the advantage over copper and brass that it is not readily 
‘attacked by ammoniacal gases. The disadvantage such tubes offer 


1D. Z. L., 24, 516, 1899. 


GRAINING. 251 


in a multiple effect is their low coefficient of heat transmission, 
which, in the case of a vacuum pan, is of secondary importance. 
‘CLAASSEN says that in vacuum pans the ammoniacal gases have a 
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Fig. 116.—GREINER’s Heating Surface, General Arrangement. 


more active effect upon the heating tubes than in the multiple effects, 
for the reason that the velocity of the vapor or steam used for heat- 
ing is very small, and, consequently, the ammoniacal gases have 
ample time,to exert their action by collecting in certain places. 
With the view to the better utilization of the steam and to 
‘obtain a nearly constant coefficient of transmission for all the 
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Fic. 117.—One Series of Coils. 


heating surface, Hatistrorm! proposed to make the coils of 
constantly decreasing diameters, from the entrance to the exit of 
the steam, or where the condensed water leaves the apparatus. 


1 Oe.-U. Z., 14, 94, 1885. 
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Certain difficulties necessarily arise, one of whith is that the 


heating efficiency of a tube decreases with its ‘size, which de- 


mands, all facts taken into consideration, that its length be in- 
creased in order to equalize the disadvantage of small diameter. 


Then there follows a greater friction of the circulating steam and 
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rtical Pan. 


Fic. 118.—GREINER Ve 


which necessarily means loss of head. The prob- 


condensed water, 


The heating 


solved in two different ways. 


lem, however, has been 


so that they have a cylindrical-conical appearance (Fig. 116), though. 
they form in reality a series of concentric tubular crowns (Fig. 117), 
made up of tubes all centred upon hollow cast-iron supports, Sd 
and Sw, to which the steam is distributed through the large pipe, R. 


surface of the GREINER vacuum pan consists of coils combined 
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The condensed water runs off from?the lower part offthe hollow 
columns into the pipe, W. 

As this arrangement necessarily involves certain difficulties in 
mounting and unmounting in making repairs, etc., GREINER has in- 
troduced several important changes (Fig. 118). The entrance and exit 
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Fic. 119.—Cain Vacuum Pan, Elevation. 


of the steam is at the bottom of the apparatus. It enters one side 
at A, and then flows through the series of small crowns which are 
used at the beginning of the graining. Toward the end of the 
operation, when it becomes necessary to raise the temperature 
for additional heating, the valve, B, is opened and the steam then 
circulates in the last two coils. The coils are very readily taken 
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apart. When they need unmounting, in case of repairs, the nuts, s, 
are simply unscrewed and the crown is lifted in the interior of the 
apparatus. The arrangement is such that there are no movable 
parts in the interior of the pan, such as nuts, etc., to become loose 
and cause subsequent trouble during the work. 

The Rassmus combination (Figs. 119 and 120) makes possible an 
enormous heating surface in a very small space. The tubes are 
arranged in the shape of a lyre, 
and the two extremities of each 
pipe open into boxes intended either 
to receive the steam or for the 
escape of the condensed water. 
The Cari construction of this ap- 
paratus is very interesting. It con- 
tains at the bottom two coils in 
which the graining is commenced. 
The lyre arrangement is in clusters 
of six in the same horizontal plane, 
and the eighteen planes are ar- 
ranged in three distinct clusters. 
One of the extremities of these steel 
heating tubes of 50 mm. is ad- 
justed to a box for the reception 
Fie. 120.—Catt Vacuum Pan, Plan, Of steam and the other to one in- 

tended for the exit of the condensed 
water, as previously pointed out. The ends of these pipes 
are ‘bent in such a way as to enter the steam box under the 
most favorable conditions. Precautionary measures are taken to 
have all the pipes firmly held so that they will not become displaced 
during graining. The spacing between them is amply sufficient 
for the easy escape of the massecuite. ‘There are three steam boxes 
placed one over the other, but entirely separated, so as to allow 
the possibility of heating up one independent of the others, as the 
operation progresses. Vacuum pans have also been constructed 
with an outer appearance almost identical with one of the com- 
partments of a multiple effect. 
WeERNICKE! (Fig. 121) recently patented a pan that has vertical 
tubes attached to two spherical disks, the central portions of which 
slant downward. This shape facilitates the running off through a- 
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central pipe of the massecuite, even when the graining has been un- 
usually tight. The apparatus may be constructed with an excep- 
tional heating surface. Haacxn’s! pan is of very much the same 
arrangement, with the difference, however, that the tubular por-. 
tion is suspended in the centre of the apparatus, the tubular plates 
are conical instead of spherical, and there is ample space for the. 
massecuite to circulate. 

The vertical pan of the MARIOLLE-PIN- 
curt type (Fig. 122) has the same heating 
surface as a horizontal pan. The upper 
portion is cylindrical, as in the compart- 
ments of a standard multiple effect. The 
heating tubes are contained in a cylindri- 
cal portion of the apparatus, and at each | 
end penetrate a tubular plate and then a - | 
steam chamber, the one for the entrance of 
the vapor and the other for the exit of the 
condensed water. The steam circulation is 
consequently through horizontal pipes. 
The heating tubes are in two sections 
which may successively receive the vapors 
from the first and second compartments of !!¢- ee es 

acuum Pan. 

a multiple effect. At the bottom are 

steam coils for live steam. In regard to the arrangement of the. 
horizontal pans, there remains very little to add to what was said 
under the caption of Evaporation, with the exception, however, 
of the difference in the kind of vapor used, and, as pointed out in 
the several types of pans, the tubes and coils are so arranged that 
all will not be heated at the same time, but may be brought into 
use successively as the operation of graining progresses. 

The horizontal vacuum pans, like the horizontal evaporators, 
have the characteristic feature of offering a very large heating sur-. 
face, under which conditions the graining may be done with vapor 
at low pressure under very much better conditions than in the case. 
of vertical pans. The mass being grained under these circum- 
stances need have a level only slightly higher than the heating 
tubes, which, as previously pointed out, greatly facilitates evapora- 
tion. The tubes are in separate clusters, the lower series being 
first used. If two kinds of steam are employed for each series the 
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purging cocks connecting with the same necessarily differ. One 
objectionable feature of the horizontal pans is their emptying, but 
by the more modern modes of working the massecuite is very fluid 
and may be emptied by a pipe. 

It is interesting to note that the vacuum pan with double bottom, 
formerly used, has now become obsolete, notwithstanding the fact 



































Fig. 122 —-MarioLte-PINGuET Pan. 


that it offered certain characteristic advantages, such as permitting 
the heating of the lower strata of the syrup, where steam bubbles 
are thrown out, thus producing a favorable influence upon the 
motion of the massecuite and its crystallization. From the stand- 
point of general heating, the double-bottom arrangement had very 
little value, for the reason that the coefficient of heat transmission 
was very small at that point. . 

The vacuum pan of the WELLNER and J=LINEK type (Fig. 123) 
consists of a compartment in the shape of a box, the bottom of which 
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Slants at 45° and is closed by special balanced doors, which may 
be opened by simply turning a screw which works the lever holding 
the doors in position. The heating surface is divided into two 
sections, one receiving the live steam through D, and the other 
the exhaust steam of vapor from the multiple effect through D,. 
The catch-all, shown in F, plays the same role as in an evaporating 
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Fig. 123.—WeELLNER and JELINEK Pan. 


appliance. The heating surface consists of brass tubes 25 to 27 mm. 
in diameter,’ and sufficiently far apart to assure a satisfactory 
working of the apparatus. They are arranged one over the other 
at distances of 100 to 150 mm., the vertical spacing between them 
allowing the*massecuite to escape when the pan is emptied. In 
this respect the combination differs from the alternate arrangement 


of the multiple effect. 
In the Lexa-Hrroip vacuum pan (Fig. 124) the tubular cluster 
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is made up of brass tubes, 40 mm. in diameter, arranged in such 
manner as to allow free expansion. The lower tubes, which are used 
for starting the graining, are intended for live steam, while the 
upper tubes may be worked with two kinds of steam by dividing 
them into two groups. The entire bottom of this pan is made to 
move on friction rollers by an endless screw; by turning A, B is 


































































































































































































Fig. 124.—Lrexa-HEroxtp Pan. 


forced to revolve. The pan is made tight by means of a rubber 
hydraulic joint filled with water from the pump, JN. 

In most of the appliances described in the foregoing special 
stress was placed upon the fact that facilities should be offered to 
heat the lower part independently of the upper. The reason for 
this, as will be subsequently explained, is to allow the graining 
to be begun with a much smaller volume of syrup than is necessary 
to cover all the heating tubes. If the upper portion was steam 
heated, burning and consequent sugar destruction would result, 
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and to overcome this and numerous other difficulties PRANGEY 
and GROBERT proposed a very original method. In their appliance 
the height of the massecuite remains the same, notwithstanding an 
increase of volume, which tends to do away with all the objection- 
able features mentioned in the foregoing. The idea is to permit 
the massecuite to extend horizontally when its volume increases, and 
at the same time to continue its heating. The arrangement, as 
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Fig. 125.—PrRANGEY and GROBERT Vacuum Pan. 


shown in Fig. 125, consists in slanting the apparatus, and in order 
to assure the varied inclinations necessary, by which the mass being 
grained is kept at the same level, the apparatus revolves around 
the axis, 7, the movement being given either by the use of screw 
jacks, by a hydraulic piston working upon the lever, 7, or by any 
other means leading to the same result. When the operation of 
eraining commences, the apparatus, a, has a sharply inclined posi- 
tion, as shown by the dotted lines, this inclination being lessened 
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as the volume of massecuite increases and reaching the horizontal 
toward the end of the operation. Under these circumstances its 
height may be regulated in advance. 

The heating system of an apparatus of this kind is divided into 
a number of independent sections, k, k!, k?, these divisions being 
arranged so as to correspond to a certain inclination of the appa- 
ratus, and being in active use only when the proper moment is 













































































Fic. 126.— KasaLowsk1 Pan. 


reached. In the drawing are shown a series of openings in k, k!, k?, 
which are closed by J, U1, /?, and may communicate or not as the re- 
quirements may dictate. In such an apparatus the evacuation 
steam pipes leading to the condenser, as well as the piping for 
the steam used for heating and that for drawing off the massecuite, 
should be connected to the fixed pipes either by flexible pipes or 
by the use of a ball-and-socket joint. In another model of a con- 
stant-level apparatus there is a movable diaphragm which is 
displaced like a piston in a cylinder. As the mass increases in 
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volume the piston is moved back, and when it reaches the end of 
its stroke the vacuum pan is working at its maximum capacity. 

Another arrangement having the same idea in view is the 
KASALOWSKI pan (Fig. 126), in which the lower tubes are curved 
upward, offering considerable heating surface at their lower ends 
or at the bottom of pan which is conical. In the upper tubular 
cluster steam circulates only when the boiling of the mass is at its 
height. One of the characteristic features of this pan is that it is 
made up of a series of elements, all of the same kind, but placed 
side by side as in the GREINER pan, the advantage being that the 
working capacity of the apparatus may thus be indefinitely in- 
creased. 

Size of the heating surface.—There is no standard to be de- 
pended upon for determining the size of the heating surface of a 
vacuum pan, and it cannot be calculated as for a multiple effect.. 
The conditions for heat transmission vary considerably during 
graining, and the water to be evaporated from the syrup at differ- 
ent periods is extremely variable. Lividently this heating surface 
depends upon the kind of steam being used and the length of time 
the graining is to last. When heating with steam at a pressure of 
0.7 atmosphere, except during the last period when the final water 
is being evaporated, and when the strike demands 10 hours, one- 
half square meter of heating surface per ton of beets sliced is con- 
sidered sufficient. These proportions appear to be the ones adopted 
by most machine builders. Such data necessarily vary with the 
viscosity of different massecuites, which has an important influence: 
upon the duration of the graining. ‘The calculations based upon 
heat transmission are not reliable, for the reason that the conditions: 
from first to last are constantly changing. The heat transmissions 
during graining are, according to Pokorny,’ 24.65 at the beginning, 
16.07 when half finished, and 6.17 when the strike is completed. 

According to DxEssin,? one may accept for the copper coils of 
the vertical pan 25 to 35 sq. dm. of heating surface per hectoliter: 
of working capacity. The vertical GREINER pans have 45 to 50 
sq. dm. and the JELINEK 90 to 120 sq. dm. Exceptionally large 
heating surfaces are not objectionable when they occur at the bot- 
tom of the pan, provided that they do not in any way check the 
circulation of the mass being grained. The amount of heat to be: 
brought in contact with the boiling syrup does not in this case de- 
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pend upon the size of the heating surface, but upon the volume 
and pressure of the vapor or steam introduced into the heating 
chamber. Generally, with large heating surfaces only a portion 
can be brought into activity, and for this reason it seems rational 
to divide them up into several divisions, each having passages for 
the entrance of steam and the exit of water, and which may be 
heated with steam as the occasion may demand. Under these 
circumstances the evaporation may be regulated with the steam 
valve, so that the crystallization is accomplished under the most 
favorable conditions. 

CLAASSEN says that it is difficult to state in advance which con- 
struction and which heating surface are the best. A first-class pan 
man can obtain very satisfactory results in almost any vacuum pan, 
provided the heating surfaces are sufficiently active and form no 
obstruction to the circulation. Because one pan man obtains poor 
results with a new apparatus, while an old vacuum pan handled by 
an expert shows excellent graining qualities, one cannot conclude 
that the new pan is inferior to the old one. Graining is an art 
learned in a very empirical manner, and must be relearned for each 
new model of pan and with each massecuite handled. 

Kind of steam used.—As previously pointed out, different 
kinds of steam are used during graining. For the first concentra- 
tion, the vapor from the multiple effect, or exhaust steam, answers 
the purpose; but as the operation advances a greater fall of tem- 
perature is needed, especially in very large pans, and as this neces- 
sitates hotter steam and higher pressure live steam must be used 
in the tubes. In the construction of a vacuum pan it is desirable 
to keep the heating surface as near the bottom as possible, thus 
allowing the operation of graining to begin with a very small nucleus. 

The steam coils should be provided with purgers. It is most 
important that all the purgers be in perfect working order and pro 
vided with safety valves, otherwise, when working with live steam, 
there is constant danger of explosions. In case the heating is done 
with vapors at a pressure lower than the atmospheric pressure, the 
purging pipes are connected with the condenser, otherwise they 
have an air exit. Experience shows that the pan man frequently 
allows too much steam to escape through these Openings, hence 
the desirability of placing a diaphragm between the joints. 

Circulation during graining.—The thorough circulation of the 
syrup in pan during its further concentration and subsequent grain- 
ing is even of greater importance than it was for the j Juice in the 
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multiple effect, as the viscosity of the massecuite is necessarily 
considerably greater than that of syrups, and every effort should 
be made to have the surfaces of the coils and heating tubes brought 
continuously in contact with new concentrated syrup. ‘The vis- 
cosity is a retarding element, and if not overcome considerable 
sugar destruction will follow. 

Numerous discussions have arisen as to whether the tempera- 
ture of the massecuite was greater or less at its upper than at its 
lower surface. According to Pint,! the temperature at different 
parts of the massecuite may vary from 11° to 18° C. These obser- 
vations can be made only under very exceptional conditions. But 
no matter what these differences may be they are considerably 
reduced when there is a satisfactory circulation upon the heating 
surface of the mass being boiled. ABRAHAM? points out that an 
active circulation is very favorable for the satisfactory utilization 
of the heating surfaces, but he argues that the shapes of the crystals 
are altered by the constant friction against each other and the sides 
of the pan. As there is a uniform temperature in the apparatus 
this fine grain does not dissolve, and with this idea in view he uses 
baffle plates to check the motion. It is claimed that by this means 
the quantity of fine grain is considerably lessened. Furthermore, 
there will be a series of layers throughout the mass which will all 
have different temperatures, the variation being more than 10° C., 
which condition this authority claims will tend to redissolve all 
the smaller grains of sugar, should any be formed. These arguments 
are interesting, for they show how great is the variance of opinion 
even among experts, but the suggestion in question has never, to 
the writer’s knowledge, been practically accepted. 

Numerous modes have been introduced which give a practical 
solution to the circulation of the syrup in vacuum pans. Among 
these are the suitable arrangement of the heating surfaces and 
the sheet-iron guides for the motion of the massecuite, some purely 
mechanical devices, and a long series of methods based upon the 
injection of gases, vapors, etc. The arrangements shown in the 
foregoing appliances of WERNICKE (Fig: 121), and especially in that 
of Haack#, are very favorable to the motion of the massecuite in a 
vacuum pan. The gas bubbles liberated on the periphery of the 
tubular surface raise the hot liquid and then fall to the bottom 
of the apparatus by a large central tube in which they can no 
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longer raise the mass, and a circular motion results. A similar 
motion is obtained in the Frrirac arrangement (Fig. 127), which 
apparatus differs very little from the one just mentioned, but to 

make sure that the motion shall 
see extend throughout the entire mass, 
| trom the top to the bottom of the 
apparatus, there is placed in the 
central tube, a, another tube, c, 
which may be raised with the level 
of the massecuite, and so arranged 
that it is at a slightly lower level 
than the surface of the boiling 
mass, which rises in the tubes of 
the cluster and around the pe- 
riphery, returning by the central 
tube, c. 

Vacuum pans.!—It had been 
previously proposed to place be- 
tween the steam coils of vertical 
pans, or between the horizontal 
tube clusters of the horizontal 
pans, small vertical sheet-iron 
boxes, open at their upper and 
lower extremities. ‘The massecuite 
is heated on the tubes, becomes 
specifically lighter, and rises ex- 
ternally along the sheet-iron boxes, 
descending by the interior of the 
boxes, where the liquid is less hot 

Fie. 127.—l rerrag Circulator, 2nd light, due to the fact that i 

has not been directly submitted to 

the action of heat. There follcws an intense circulation favorable 
to the evaporation of the liquid and the development of crystals. 

Vacuum pans as made by some builders? have two long cir- 
culating tube attachments.’ One of these is at the centre of the 
tubular cluster and the other around the exterior. The heated 
massecuite descends through the open spaces on each side. Further- 
more, the circulating tubes are made of several pieces, placed one 
in the other, that may be lifted in such a way that the heating con- | 
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tinues through all the tubes, whatever may be the level of the 
massecuite, which circulates from the top to the bottom of the 
apparatus. 

Among the appliances in which there is a mechanical agitation 
in pan during graining is the ReBoux arrangement (Fig. 128), which 
consists primarily of a sheet-iron horizontal cylinder. The heating 
is effected through four systems of tubes, and at the centre of the 
apparatus an axis, bearing several arm agitators, revolves, bring- 








Fig. 128.—Rexsoux’s Vacuum Pan for Graining, in Motion. End View. 


ing the massecuite continuously against the heating tubes. The 
central shaft revolves at the rate of four revolutions per minute, 
the gearing which gives the motion being outside of the ‘pan. 
ReBoux has also applied the same principle to vertical pans. 
Freitac, Lenrzr, Gross, and others have constructed numerous 
appliances, all having the same idea in view. They are mainly used 
for after-products, which will be considered under another caption. 
Numerous other pieces of apparatus have been invented in which 
the agitators themselves are the heating surfaces. Among these 
may be mentioned the combinations of SzczENIOWSKI and PIONT- 
KOWSKI, HecKMANN, etc. . 
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The CzaPikowsk1i! pan is a horizontal cylinder, at the bottom 
of which rotates a tubular heating surface. The steam is supplied 
to it through a hollow shaft and then passes into a distributing 
chamber. The motion is given from the outside. At the other 
end of the axis is the same arrangement, except that the chamber 
is divided into two sections. The condensed water from each of 
them may have an easy exit through the end central shaft. This 
tubular cluster makes a revolution in two minutes, the massecuite 
is constantly renewed on the surface of the tubes, and there is 
no danger of caramelization. The heating surface may be very 
large and heated with steam at low pressure. 

Very few of these mechanical arrangements have been practi- 
cally used, but are of special interest on account of their marked 
departures from existing methods. In some cases the arrange- 
ment is too complicated, and in the others the conception has very 
little value, the inventors evidently not being familiar with certain 
requisites for graining. 

PFEIFFER? has obtained satisfactory results by keeping the 
massecuite in motion during the graining in pan by steam injection 
at a reduced pressure. This steam is distributed through vertical 
pipes open at the bottom. The steam that rises in the interior of 
the pipes, in the form of large bubbles, raises the massecuite, 
forcing it out of the upper opening, while the new product enters 
at the bottom. A continuous circulation of the mass being grained 
is thus obtained. The steam used for this circulation is made in a 
special appliance of rather diminutive size. In it, however, the 
concentrated juice is cooked before it is introduced into the vacuum 
pan at a pressure about equal to that existing at the lower part 
of the vertical pipes. The upper openings of these pipes are at 
different levels, depending upon the level of the massecuite, and 
the pipes in question enter into function one after the other. These 
pipes may be placed outside as well as inside of the vacuum pan. 
The same action may be obtained with atmospheric air at a reduced 
pressure or an alternate action of steam and air. 

Syrup distributors.—There is one instant during graining when 
it is desirable to obtain very rapid motion of the massecuite in the 
pan, that is, when new syrup is drawn into the mass. ‘The latter 
being more fluid than the product that has undergone the first 
phases of graining, the mixing offers certain difficulties, and to 
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overcome this difference of densities it is important that the syrup 
be introduced into the pan with considerable force. This is accom- 
plished by the DELAvVIERRE! apparatus, in which the syrups are 
injected under considerable pressure through small injectors fed by 
a powerful pump. With the same idea in view, GREINER proposed 
to decrease very considerably the section of the pipe feeding the 
syrup to pan. 

It must be noted, however, that for the rapid filling of the pan 
with concentrated juice the diameter of the pipe must be reasonably 








Fig. 129.—Gretnur’s Inlet for Syrup. 


large, but the subsequent flow should be simply a small jet enter- 
ing the pan, so as to keep the newly formed crystals well supplied 
with fresh syrup. In most combinations the inertia of the new 
product coming in contact with the granulated mass prevents its 
penetrating to the interior and it rises to the surface. A pipe 
with a very small diameter would under such circumstances render 
excellent service; there should be several injectors placed at the 
bottom of the pan. In Fig. 129 is shown the GREINER manner of 
arranging at the bottom of the vacuum pan a circular gutter, g, 
which communicates with the feed-pipe, f, and also with the in- 
terior of the apparatus through the slit, e, which divides the syrup 
introduced. The outer border, a, of the gutter tightly closes the 
apparatus with the register c. In another GREINER? arrangement 
the suction pipe has at one end a widening closed by a disk which 
is worked by a lever receiving its power through a screw placed 
in the interior of the aspiration pipe. 

Vapor-exit pipe.—The vapors produced in the pan escape 
through a catch-all. This may be closed by a large valve, by means 
of which the vacuum is regulated. The apparatus is thus put in 
communication with the condenser. A very simple method ® to 
prevent condensed water from the exhaust pipes of the vacuum 
pan from coming in contact with the massecuite during graining 
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consists in giving the said pipe a._V shape, and placing at its lower 
part a cock which remains open during the entire period of the 
pan’s working. This does away with the solution of sugar, caused 
by the accidental entrance of the hot water into the apparatus. 
It is unnecessary to have a special condenser for the vacuum pan, 
as the one connecting with the multiple effect answers the purpose. 

Emptying valves.—The exit openings of a vacuum pan are in 
most cases closed by a cone. Where the strike remains compara- 
tively fluid these openings are closed with a piston valve. In the 
GREINER vacuum pans this opening is closed by a plate moving 
on friction rollers, whose motion is governed by a screw. Numerous 
devices have been invented to accomplish this work from the floor 
on which the pan man stands. ; 

Massecuite.!—It has been proposed to use dovetailed bottom 
gates. The end portion is bevelled and slides ina groove. ‘The 
arrangement is such that the more one pushes the register forward 
the closer it is pressed, owing to the bevelling on the surface, which 
renders it perfectly tight. 

In the horizontal vacuum pan emptying offers certain diffi- 
culties which do not exist in the vertical pan, especially when the 
massecuite is very consistent. In Fig. 123 isshown how this emptying 
is accomplished in the WELLNER and JELINEK apparatus. In the 
BREITFELD and DANEK pan the bottom also moves on friction 
rollers, and the entire plate is worked by a piston put into motion 
by hydraulic pressure. The rubber joint filled with water effects a 
satisfactory tightness. In the Lexa-HrRoLp apparatus, as pre- 
viously. mentioned, there is very much the same arrangement. 
To facilitate 2 the emptying of the pan it has been proposed to 
force compressed air into the interior, after the strike is completed. 
This air will raise the massecuite and thoroughly mix it. To keep 
the observation lenses of the pan clean small steam jets are placed 
in front of them, the steam falling on the surface of the glass in the 
form of a spray. This cleaning may be done as often as the occasion 
demands. | 

Piping.—The principal pipings of a vacuum pan are those for 
filling with syrup, etc., and the steam pipes and coils used for heat- 
ing. The suction valves for the concentrated juice or syrup and 
after-products should be sufficiently large and be placed in a con- 
venient position. The pipes to which they are attached, connecting 
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with the interior or exterior, should lead to the lower part of the 
pan, which should also have a pipe for the introduction of water 
or carbonatated juice to melt any false grain that might be formed. 
A small steam pipe for cleaning the pan is also a very essential 
adjunct. 

For steam or vapor for heating, one should be able to utilize 
steam at either high or low pressure, according to circumstances, 
and the necessary communications should be easily made through 
large valves. Evidently the heating installation should terminate 
with a purging device for the water of condensation, and care should 
be taken that the ammoniacal gases escape readily. The heating 
chamber and the coils should also have a small connection that 
they may be filled with water, so as to stand the pressure test. 

CLAASSEN advises to place at the bottom of the apparatus a 
coil with suitable perforations, or any other device that will permit 
the injecting of live steam into the mass, thus forcing it into motion. 
_ After the strike is completed, and the apparatus is emptied of its 
contents, these devices may be used for cleaning the pan. 

Accessories.—The pan should be provided with every fitting 
that facilitates the watching of the process of graining. The testing 
cock or the proof sticks should be placed in a suitable position, 
that is to say, where there is sufficient motion of the massecuite, 
so that a sample taken represents an average of the contents of the 
pan. The proof sticks from this standpoint are more desirable 
than the testing cocks. On the other hand, it is possible to obtain 
a very satisfactory sample when the graining begins, and as the 
object at that time is to obtain the sample as rapidly as possible, 
the use of the testing cock is preferable. This consists of a specially 
devised faucet differing from the ordinary cocks, as it has no 
thoroughfare but a simple cavity that fills with massecuite when 
turned toward the interior of the apparatus. Beside the proof 
stick there should elways be ample arrangements for observation 
after a sample has been obtained, such as a shelf where the slips 
of glass holding the sample may be placed. 

The lower part of the apparatus should have a number of eye- 
glass or observation windows, lighted in such a manner as to permit 
one to see into the interior. The thermometer bulb should pene- 
trate a certain distance into the apparatus, and the pan should also 
have a mercury gauge to indicate the condition of the vacuum. 
The pan man ought to be able to read on the gauge the pressure 
of the steam used for heating, also as it leaves the coil, or whatever 
device used. 
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Crystallization.—The crystallization of the sugar in the syrup: 
has a tendency to commence when the water in which the sugar is 
dissolved is not sufficient for its solution. For each temperature 
there is.a saturation point at which no more sugar can be dissolved, 
and this condition must be reached before the sugar commences 
to separate from the thick syrup. If the saturated solution is ob- 
tained at a comparatively high temperature a certain amount of 
sugar should begin to crystallize upon cooling, for the simple rea- 
son that water at a low temperature will not hold as much sugar 
in solution as when hot. 

The fact is that crystallization commences slowly only when 
the quantity of sugar dissolved in a saturated solution is in great 
excess of what it should be, and ceases when the normal conditions 
of saturation are established. As long as the quantity of sugar 
dissolved remains higher than it should be at a given temperature 
the solution is said to be supersaturated. The tendency to crystal- 
lize is in direct ratio to the degree of supersaturation. In the case 
of pure syrups in supersaturated solutions but a very small quan-- 
tity of sugar can exist in a supersaturated condition, while with 
impure solutions the quantity of sugar in a supersaturated condition 
can be sometimes considerable. This state of supersaturation 
continues for some time before the crystallization begins. 

At lower temperatures the difference between a saturated and 
a supersaturated solution is greater than at higher temperatures, 
and after reaching a certain point the crystallization proceeds with 
considerable activity. By now obsolete modes of sugar manufac- 
ture it was customary to abandon the massecuite to a slow cooling, 
when all the sugar in supersaturated state would separate. This 
method continues to be used for after-products. There are other: 
conditions which favor crystallization of a supersaturated solution,. 
such as the introduction of sugar crystals to form a nucleus for 
the crystallization of the mass. The same results may be attained 
without the introduction of sugar into the mass being grained. 
When the degree of supersaturation is pushed far enough at a given 
moment very minute crystals of sugar will separate from the syrup, 
and these crystals will then act as a nucleus for the centres of 
crystallization. If this condition of supersaturation is continued 
for some time the sugar in the syrup will depose itself upon the: 
crystals already existing, allowing them to increase in volume. 
Later on the elements known as viscosity, etc., play an important. 
role, and obstruct the sugar crystallization. 
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From what has been said it becomes evident that the art of 
graining consists in offering every facility for the small crystals. 
contained in the mass to grow, at the same time preventing a 
too high supersaturation which would tend toward the formation 
of new crystals alongside of those already existing. The latter 
condition would result in a massecuite consisting of crystals of 
various sizes. The value of the product is then necessarily con- 
siderably lessened and offers many difficulties during the swing-. 


out operation. 


Fie. 130. Fie. 131. Fig, 132. Fie. 133. 
Ordinary Shapes of Sugar Crystals. 





Shape of crystals.—Saccharose crystallizes as an oblique prism 
with rectangular or rhomboid base, derived from the truncation 
of four homologous sides. Figs. 130, 131, 132, and 133 give an 
idea of their general aspect. In some cases they present the 
appearance of cakes (Fig. 134), and then again that which char-. 
acterizes cane crystals, these being frequently stuck together in 





Fie. 134. } Fig. 135. Fia. 136. 
Abnormal Shapes of Sugar Crystals. 


pairs. Porsson claims that this is one of the characteristic indica- 
tions of the presence of glucose. The crystals are also frequently 
much elongated, as in Fig. 135, and also needle-shaped, as in 
Fig. 136. 

There are numerous problems relating to crystallization remain- 
ing to be solved. Whatever the laws governing the process may 
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be, they hold good for all substances. The experiments of VoGEL- 
SANG show that, during crystallization, globules, more or less round, 
are formed. According to recent theories, comparing them with 
the cells of plants, etc., these globules multiply by partogeniture, 
then form clusters of 2, 3, and greater numbers in the direction of 
the optical axis of the crystal and finally crystallize. 

Factors that influence crystallization.—The factors influencing 
crystallization are the viscosity, size of the crystals’ surface upon 
which the new sugar crystallizes, and the so-called coefficient of 
supersaturation,» which is very important. DEGENER! main- 
tained that the crystal in the state of formation impoverishes the 
solution in which it is placed, and osmotic currents are formed 
which carry the molecules of supersaturated sugar from neighbor- 
ing strata in the direction of the growing crystals. The viscosity 
of the liquid paralyzes these currents, and it is easy to understand 
that the mechanical motion of the mass, bringing the various 
molecules in state of supersaturation in contact with the crystals 
already formed, compensates for the viscosity to a certain extent, 
and necessarily assists in producing the requisite conditions for 
the rapid growth of the crystal. 

Besides this osmotic current, there is the molecular attraction 
of the crystal in the state of formation. This attraction is propor- 
tional to the mass. The crystallization depends also upon the area 
of the crystals already formed. CLAASSEN’s? calculations show 
that the sides of large crystals contained in one kilogram of sugar 
represent an area of about 3 sq. m.; on the other hand, in the case 
of small crystals this area is about 5.5 sq.m. Upon these areas is 
devosited the supersaturated sugar contained in the mother liquor, 
from which it is concluded that a great number of small crystals 
offers especial advantage for crystallization, a fact long since dem- 
onstrated in practice. 

Claassen’s theory of supersaturation.—The whole issue of sugar . 
transformations during graining is most interestingly explained as 
follows: 

If we suppose S to be the quantity of sugar dissolved, for one 
part water, at a given temperature, in a saturated solution, and S’ 
the quantity dissolved, for one part water, at the same temperature, 

; | 
in a supersaturated solution, the formula C Ef represents the 
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coefficient of supersaturation, that is to say, how many times more 
sugar is dissolved at a given temperature in a supersaturated solu- 
tion compared with a saturated one. This coefficient is of funda- 
mental importance in the crystallization of sugar. While all other 
conditions, such as viscosity, etc., vary with the temperature, the 
coefficient of supersaturation is completely independent of heat. 
If the graining or any other process of crystallization take place 
at a high or low temperature, the most desirable coefficient of super- 
saturation for the formation of new crystals and their increase in 
size are always the same, within the practical limits of tempera- 
ture, for the after-products and the concentrated juices or syrups 
of the same purity, while, as already explained in the foregoing 
they vary with a variation in purity. Furthermore, the coefficient 
of supersaturation should be larger for the formation of grain, and 
smaller when the solution already contains crystals to help in the 
crystallization. 

For a well-regulated operation, the supersaturation, and conse- 
quently the temperature, should be the same at all parts of the 
mass. The supersaturation undergoes certain changes during 
graining in pan, partly due to the evaporation on the heating sur- 
face, and consequently in that portion an excessively supersatu- 
rated solution is formed which could bring about the formation of 
new small crystals. Then, on the other hand, at the spot where 
the concentrated juice enters the pan, the supersaturation is en- 
tirely destroyed, and the crystals completely formed may pass again 
into solution if the concentrated juice is not immediately distrib- 
uted throughout the entire mass and mixed with the supersatu- 
rated syrup surrounding the crystals. For this reason a proper 
circulation of the mass in the vacuum pan should be secured. 

Agitation by means of propellers and spirals give excellent re- 
sults when molasses are being worked in pan; but they do not give 
equal satisfaction with concentrated beet juices, because the space 
in most vacuum pans is very much too small for these devices. A 
motion produced by the free introduction of steam has proved 
very advantageous. The steam bubbles rise from the distributors 
placed at the bottom and mix the mass, the claimed advantage 
being that the heating surfaces are grazed, and there need be no 
fear of local supersaturation. This condition is never realized 
with spiral or other agitators. The bubbles formed by steam in- 
jection also prevent in a considerable measure the formation of 
false grain. The concentrated juice should never be colder than 
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the boiling temperature of the vacuum pan when it is introduced, for 
the reason that not only would the mixing otherwise be more diff- 
cult, but also there would be a cooling of the massecuite, which 
would result in the formation of small crystals. 

For the formation of grains in the pan the concentrated syrup 
should be supersaturated, and the formation of crystals should 
be accelerated by a sudden motion of the mass, accomplished by a 
brusque and rapid opening of the valve through which the syrup 
enters the pan. The greater the supersaturation, the stronger 
the motion, and the greater will be the number of crystals formed 
Other things being equal, the quantity of crystals produced de. 
pends upon the degree of concentration and the amount of juice 
entering the pan. However, one may maintain the supersatura- 
tion at different degrees for the production of crystals of a given 
size, because, by frequently opening the entrance valve and admit- 
ting the concentrated juice, one may obtain a considerable number 
of crystals even in slightly supersaturated juice, and inversely it 
is possible to produce very few crystals in a high-supersaturated 
syrup by introducing only small quantities of concentrated juice 
into the pan. | 

The smallest practical coefficient of supersaturation for the 
formation of grains in concentrated juice of 90 to 92 purity may be 
said to be 1.2. With a smaller supersaturation the operation would 
last for a long time before sufficient crystals would be formed, and 
there would then be a possibility of the crystals becoming partially 
redissolved when fresh concentrated juice is drawn into the pan. 
The highest coefficient of supersaturation should be about 1.5 to 
1.6. 

Whatever be the method of graining in the vacuum pan, efforts 
should be made to prevent new crystal formation after a nucleus 
has been formed. As long as the crystals are small and offer com- 
paratively limited surfaces for the deposit of sugar, the syrup that 
surrounds them, the mother liquor, should be kept in only a mod- 
erate condition of supersaturation. The reason for this is that the 
mother liquor continues to have nearly the same purity as the 
syrup from which it is obtained, and possesses the property (be- 
cause of the motion produced by the suction of fresh concentrated 
juice into the pan) of producing crystals with a coefficient of super- 
saturation of 1.2. During this period of the graining, the super- 
saturation cannot become greater than that which corresponds to 
this coefficient, and it is safer not to attain this maximum. 


GRAINING, 275 


The strike can be continued in two ways,—by continuous suction 
of the syrup into the apparatus, or by intermittent suction. By 
the first method the suction valve is regulated in such a way as to 
permit drawing into the pan the exact volume of concentrated 
juice necessary to maintain the mother liquor at a constant super- 
saturation equal to 1.1, which is recommended as an average. In 
no case is it desirable to exceed that limit at the start. By the 
intermittent suction method, the syrup is drawn into the pan when 
the coefficient of supersaturation has risen to about 1.2, and the 
suction continues until the supersaturation is nearly destroyed, 
that is to say, until the coefficient falls to 1.0. The mother liquor 
cannot be diluted below the limit of supersaturation, for the rea- 
son that the crystals would redissolve. A general rule for con- 
ducting these two modes of graining is, that, when the operation is 
to be conducted slowly, the coefficient of supersaturation, mainly 
the extreme limit, should be lower than when it is to be rapidly 
conducted. 

It is only when the crystal formation has been excessive, or when 
new small crystals are formed, owing to neglect in conducting the 
graining, that one may draw in by suction a volume of concen- 
trated juice, so as to put the mother liquor in a condition of 
undersaturation and dissolve the excess of crystals. This dilution 
is frequently accomplished, not with concentrated juices that 
already have a high density, but by the suction of hot water into 
the pan. This may be sometimes a necessity towards the end of 
the graining, as it permits the completion of the strike without 
the formation of small grains. 

As the size of the crystals increases, the purity of the mother 
liquor decreases during the process of graining, and for this reason 
it is most advantageous to keep the coefficient of supersaturation 
of the mother liquor at 1.2 during the development of crystals 
and to allow it gradually to rise, reaching 1.3 as the last concen- 
trated juice is drawn into pan. 

The art of graining consists in determining the exact super- 
saturation from exterior signs, such as the string test, the fluidity 
of the samples of massecuite, in making allowances for the tempera- 
ture, and the transparency of the syrup surrounding the crystals, 
and in maintaining this supersaturation in the mass. The entrance 
of the steam into the coils should be regulated so as not to result 
in excessive evaporation in order to leave, after each suction of 
juice, ample time for the sugar to deposit upon the existing crystals: 
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and to make the »urity of the mother liquor fall continuously. The 
duration of the graining can be reduced only at the sacrifice of the 
yields, unless, during the final working of the massecuite in the 
crystallizators or in the malaxors, the previous neglects are com- 
pensated for. As a general rule, the operation of graining should 
last as long as possible, and in no case should the strike take less 
‘than six hours. An apparatus permitting this operation to be ac- 
‘complished in less time is not necessarily the best, as the favorable 
‘action of time cannot be compensated for by any construction. 

The size or the capacity of the vacuum pan has no influence 
upon the quality of graining. The crystallization can be just as 
satisfactory in a small apparatus as in a large one, provided they 
both have been properly made. The essential condition is not to 
commence the grain formation with too large a volume of syrup— 
in no case more than one-fourth to one-third of the pan’s capacity— 
‘so that the crystals may have time to increase in size during the 
period that follows. } 

Practical hints respecting graining in pan.— According to 
Dvreav,! the art of graining in pan is of French origin, but a dis- 
cussion of the correctness of that assertion would take us beyond 
the scope of the present writing. BauMANN, as early as 1849, 
resorted to a method very like graining. WaALkuHorr,? in 1853, 
gave the first description leading to some practical rules for 
properly handling the pan. It was only in 1870 that the process 
became general in Germany. 

The practical methods now followed by pan men in handling the 
mass in a vacuum pan differ to such an extent that no cast-iron 
rules can be given. However, in what follows, the points men- 
tioned are intended only for the general guidance of those who 
have the work to do, and the treatment must evidently vary with 
the different circumstances that present themselves. 

The first essential is evidently to make sure that the bottom 
valve or opening of the pan is closed, and then that the vacuum 
valve is gradually opened; otherwise the air pump could not keep 
up the required vacuo, and this would necessarily cause much 
trouble, such as the remelting of the sugar already grained in 
another pan if not yet sufficiently developed. When the vacuum 
reaches 0.6 atmosphere, it is recommended to keep the vacuum 
valve so that the same conditions may continue until the strike 
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is completed. Syrup is then drawn into the pan, the quantity intro- 
duced varying with the mode of working. Its volume is either 
measured in advance or is known by the level it occupies in the 
apparatus. This constitutes the graining nucleus, and should be as 
small as possible, so that the crystals obtained may grow. 

It is to be noted that the volume of syrup introduced should 
be at least sufficient to cover the coils or tubes used for heating. 
The air purgers of the heating chamber should be opened, and the 
steam, which is generally the vapor from the multiple effect or the 
fore-evaporator, gradually introduced. The steam valve is opened 
in full after a reasonable interval, and the water from the syrup 
is evaporated more and more, resulting in a thick, supersaturated 
mass. If this condition is allowed to continue, the sugar crystals 
rapidly appear; but, as they are not formed all at the same 
moment, they would be very irregular in size, and the whole 
condition of the massecuite finally obtained would be irregular 
and unsatisfactory. Consequently, every effort should be made 
to obtain an instantaneous crystallization in the nucleus, whereby 
all the crystals have the same starting point for their subsequent 
growth. The pan man then gradually introduces more syrup until 
a condition of viscosity, represented by a supersaturation deter- 
mined in advance, is obtained. The vacuum before mentioned is 
maintained with a temperature of about 82° C. 

Generally, the pan man commences his graining when a sample 
submitted to the string proof gives satisfaction. This test is made 
by sticking the forefinger into the thick sample of syrup, then 
pressing it against the thumb and rapidly separating, when there 
will be formed a syrup thread, or so-called string. If the conditions 
are satisfactory, a considerable volume of syrup is then introduced 
at once into pan, when there will follow a rapid granulation, an 
exact explanation of which phenomenon has never been given, 
though spontaneous cooling, etc., has been suggested. From this 
time on, great activity should be shown on the part of the pan man; 
not an instant is to be lost. Samples must be rapidly taken every 
few moments and examined by a lamp through strips of glass.. 
The grain nucleus first manifests itself by the small shadow cast, 
or by the brilliancy of certain centres, and the growing of these: 
crystals must be very carefully watched. The mass in the pan 
is then diluted so as to lower the supersaturation, until a degree: 
is reached at which no more new crystals will form. When that 
condition is reached, the mass has a sufficient number of crystals. 
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for the object in view. During a period of 8 to 10 minutes the crys- 
tals are allowed to grow, notwithstanding the existing limited 
supersaturation, and after this interval it is possible to decide 
whether the resulting grain is too small or too large. Generally, 
there is an excess, and a portion of the crystals must then be re- 
dissolved, which is effected by drawing more syrup into the pan. 
In all these manipulations the pan man, as previously pointed out, 
must show considerable judgment, as there are certain thumb rules 
which vary in each case and with the person conducting the opera- 
tion. 

During the period when the crystals are being dissolved the 
vacuum is frequently allowed to fall to 0.5 of an atmosphere, 
necessarily causing a certain rise in temperature, which may be 
still further increased by the introduction of additional steam in 
the coils. Under these conditions the solution is more rapid, but it 
should not exceed a certain limit, and when the limit is attained 
the vacuum of 0.6 of an atmosphere should be again established 
and the quantity of steam used lessened. A certain cooling of the 
mass in the pan results and the saturation point is again reached. 
The feeding of the grain may then commence, provided, however, 
that the nucleus is in a standard condition; otherwise it is important 
to recommence graining, as just described, or to dilute again the 
syrup, to lower the pressure and introduce more steam to dissolve 
the crystals in excess, as the case may be. Sometimes, when the 
number of sugar crystals is too small, the pan men resort to a sec- 
ond formation of crystals alongside of the crystals already formed. 
This way of working is not to be recommended, however, as the 
final crystals will be very irregular, and hence it is again emphasized 
that the exact point must be reached at first. Any method of grain- 
ing may lead in a measure to what one has in view, but the uni- 
formity of the crystal mass forming the nucleus is the important 
consideration. When this is obtained, a regular feeding and super- 
saturation of the solution will ensure the graining. 

The syrup drawn into the pan from that time on may be con- 
tinuous or intermitting. In the first case, the suction valve is 
partly opened, the position being made to vary with the resulting 
effect upon the mass being grained. If it becomes too fluid, the 
valve is closed a little more; if not sufficiently fluid, the valve is 
opened wider, etc. By the intermitting method a new charge is 
made only when the mass in pan presents a thick appearance. 
Experience seems to show that preference should be given to the 
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first method. As previously pointed out, the degree of super- 
saturation can be deducted from the viscosity of the syrup being 
grained. The projection against the peep glasses of the pan, or the 
feel of the sample, give a good idea of the viscosity. Some pan 
men can ascertain the degree of viscosity by the sound made by the 
vapor on its way to the condenser in passing through the valve. 

Evidently the degree of supersaturation depends upon the 
purity of the syrup, and is also a factor in the rapidity with which 
the work has to be conducted. The greater the impurity and 
desire to grain rapidly, the higher must be the supersaturation to 
meet that end. If too low, as previously pointed out, the crystals 
grow very slowly. But supersaturation may be held abnormally 
high, and there will then be a moment when the sugar will separate 
suddenly, and this powder or jfalse grain can never reach the size 
of the first crystals. The only way to prevent this formation is to 
keep the supersaturation at the standard degree. When the false 
grain is formed it should be remelted as described in the foregoing, 
but this is always followed by very irregular final crystalization. 

When the operation has been properly conducted, the final 
mother liquor is very impure and contains little sugar and all the 
non-sugar. This condition is reached as the graining operation 
progresses. It is evident that, if an abnormal quantity of syrup 
~ is introduced into pan with the view of melting the false grain, the 
purity of the mother liquor will rise, which necessarily means a 
loss of time in its desugarizing. When this false grain forms, the 
mass is very thick, and the drops thrown against the observation 
windows form bubbles; if this condition continues they present 
a cloudy appearance. No better indication can be given of the 
pan man’s ability than the regularity of the crystals in the final 
sugar. Herzretp! has pointed out that most of the raw-beet 
sugars now made consist of excessively irregular crystals. 

Upon general principles it may be admitted that the operation 
of graining demands time, when it is intended that the crystals 
shall attain a reasonable size. The length of time required depends 
upon the size and number of pans in the factory. As the operation 
progresses, the mother liquor becomes more impure and the crystal- 
lization in that medium is necessarily more difficult. On the other 
hand, when possible, it is desirable to hasten the crystallization, 
provided this may be accomplished without decreasing the quality 
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of the final sugar; this may be effected by a high supersaturation, 
keeping within the limié of possible false grain formation. Racor 
recommends that the coefficient of supersaturation be kept very 
low. According to ScHNELL,! the desugarization of the mother 
liquor is rapidly accomplished at the beginning of the graining 
operation; but from a certain point, say 70 purity onward, the 
crystallization is a very slow operation. The purity will fall 0.6 
only after six hours. 

Experience seems to show that a pan man can more readily 
handle a diluted syrup and obtain regular crystals than he can 
crystallize a comparatively dense syrup at 30° Bé., as it is cus- 
tomary to introduce it into pan. For this numerous explanations 
may be given. As there is more water to be evaporated, the mass 
is necessarily submitted to a more active motion, which under all 
circumstances is very favorable for crystallization. The attempt 
to handle very diluted syrups, at 20° Bé. for example, demands 
more steam and consequently more fuel, and is not economical 
even if the final results are more satisfactory. In other words, 
the increased value of the sugar owing to its regular granulation 
does not represent an additional money equivalent for the fuel 
expenditure. 

It must be pointed out that the pan man is not always directly 
responsible for the false grain. It may be the outcome of a sudden 
fall of pressure in the steam taken from the multiple effect; or it 
may be due to the fact that the syrup supply stops at cnce 
without the pan man’s realizing the fact; hence the importance of 
affording every facility for correcting mistakes before it is too late. 
In some heet-sugar factories it is customary to have in connection 
with the pan a pipe that allows the introduction of water into the 
mass, but a better plan is to have a pipe connecting with the wait- 
ing tank of the multiple effect and to introduce carbonated 
juice. 

As the volume of massecuite increases, the crystals become more 
and more voluminous, as compared with the mother liquor. When 
the vacuum pan is nearly full, there follows what may be termed 
the tightening, or that condition in which the water percentage 
of the mass is lessened so that the massecuite may be satisfactorily 
handled in the operations that follow. This tightening operation is 
not always conducted in the same manner, as sometimes the crys- 
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tallization is continued in special crystallizators. The tightening 
in this case should be pushed only to a moderate degree, and the 
mass kept sufficiently fluid to flow readily into the receptacle 
under consideration. This fluidity is very essential in cases where 
the mass is to be rapidly cooled in the appliances. 

On the other hand, in the case of the SCHUEZENBACH boxes, if 
the massecuite is not tight, the sugar yields will be disappointing. 
When the tightening commences, and even towards the end of the 
graining, the low-pressure vapor originally used cannot furnish a 
sufficient fall of temperature for the work to be done, and one must 
resort to the use of live steam. Until the pressure exerted by the 
column of massecuite upon the coils can be overcome, little by 
little the pressure in the heating chamber will rise, reaching two. 
and one-half atmospheres when the strike is finished. The pan 
man should arrange so as to reach that pressure gradually. ‘The 
purger may be so adjusted as to whistle when the desired condition 
is reached. 

When the graining has been properly completed, the handling 
of the massecuite must then be conducted under scientific prin- 
ciples. The purity of the mother liquor is then about 75, depending,. 
however, upon many conditions, and in some factories it is even 
lower. If sufficient time were allowed for the graining all the sugar 
could be crystallized in the pan, but the length of time necessary 
renders such an idea impracticable. The operation is sometimes 
continued in another special pan. It appears doubtful whether 
a crystallization pushed that far in pan has advantages, and whether 
the ultimate working of the massecuite is not more satisfactorily 
accomplished in special crystallizors. 

In order to show the different degrees of tightening, as accomp- 
lished by various methods of conducting the graining, it may be 
said that the limits of water percentage are between 4 and 10 per 
cent. If the massecuite is to be emptied into large tanks or small 
boxes about 5 per cent of moisture may be considered a standard. 
For the customary working of the massecuite mixers the product 
from the vacuum pan should contain very little moisture. 

An appreciable increase in yield of sugar is only possible by 
the new methods of working the massecuite in the crystallizors, 
carefully regulating the cooling and the concentration of the mother 
liquor. With this idea in view, efforts should be made during the 
tightening of the massecuite in the vacuum pan to prevent the. 
formation of new crystals alongside of the large ones already exist- 
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ing. For this reason the coefficient of supersaturation of the mother 
liquor should not exceed 1.3, even during the tightening. . 

When the pan man considers that the graining operation in 
pan is about finished, the steam entrance valve is closed and all 
communication with the condenser is shut off. Then the air is 
allowed to enter, the bottom closing door is opened gradually, and 
the massecuite is run into the crystallizators or the ScHUEZENBACH 
boxes. In some factories the crystallizators are: placed at a higher 
elevation than the vacuum pan. In such case the communications 
with the condenser are closed, and either steam or compressed air 
is introduced into the pan. The massecuite under these circum- 
stances is forced up into the tank through a pipe that passes from 
the bottom of the pan. In case the massecuite is made from pure 
beet syrup, it does not readily leave the apparatus, as it hasa grainy. 
dry consistency, and is not fluid. On the other hand, when the pan 
man has introduced molasses into the strike, the massecuite is very 
fluid. Precaution should then be taken to open the bottom valves 
slowly to avoid the projections of hot massecuite. 

Steaming out.—After the massecuite has been emptied from 
pan there always remains a certain quantity of the product 
upon the projecting portions of the apparatus and the heating 
surfaces, and these crystals will be only partly or incompletely 
dissolved by the syrup drawn into the pan when started again,. 
which is already in a very concentrated condition. A few rather 
large grains will always exist during graining alongside of the new 
crystals formed, and this is in most cases not a desirable condition. 
By steaming out the pan the massecuite that remains is so diluted 
that it either runs off or even is dissolved. 

It is especially advantageous to place a special perforated steam 
pipe before the observation windows, to the inside surface of which, 
as they project slightly, some of the massecuite necessarily ad- 
heres, which in most cases cannot, or at least not without diffi- 
culty, be removed, either by ordinary steaming out, by contact 
with the fresh syrup drawn into the pan, or by washing. 

PocHWatsky! advised the use of a perforated pipe running 
the entire height of the apparatus and placed at a Seas of 30 cm. 
from the glasses. 

When the perforations of these steam pipes are sufficiently 
small, there need be no apprehension of breaking the observation 
glasses by sudden contact with the steam. 
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The dilute1 massecuite, which toward the end of the cleaning 
becomes simply a weak juice, is run from the vacuum pan into a 
separate box, in case of working with the SCHUEZENBACH boxes, or 
when working with crystallizators it is simply run in the same and 
is used to dilute the massecuite which, as a rule, is too tight. It 
does not appear desirable to collect separately this thin juice, as 
the coefficient of supersaturation of the diluted mother liquor 
remains sufficiently high for its satisfactory working. 

Appliance facilitating graining.—As previously explained, the 
progress of the graining may be readily followed from exterior 
indications, such as temperature, vacuum, appearance of the mass 
in the interior of the apparatus, etc. Without doubt, the most 
reliable indication is the direct appearance of the mass, as shown 
by the examination of a sample through a sheet of glass, either 
by daylight, or, better still, by artificial light from a petroleum 
lamp. It is to be noted, however, that there are many objections 
to this procedure. During the time that the sample is being exam- 
ined important changes may take place in the pan, and, further- 
more, the sample exposed to the air cools, and even after a few 
seconds its entire aspect can be altered. 

The Rassmus apparatus permits the examination of the crystals 
in the interior of the pan during the operation of graining. The 
illustrations herewith show the inside (Fig. 187) and the outside 
(Fig. 138) modes of lighting the observation windows. At the side 
of the window is an opening, b, through which passes a perforated 
rod, c, penetrating the mass being grained. The enlarged extremity 
of this rod, /, is closed by a disk of heavy glass, e, which presses 
against the observation window, a. In the swollen portion, /, and in 
front of a reflector, g, there is placed an incandescent lamp, h, which 
receives its current through the wires, 2, in the tube, c. When 
drawn forward by the handle, k, the portion, e, rubs against the 
window, a, as much as the ring, J, holding e, will allow. In front 
of the observation window is a magnifying apparatus, m. When 
the lamp is lighted, the microscopic examination of the product 
left between the two glasses, e and a, may be made from the ex- 
terior. By pushing back the handle, k, and bringing it again into 
position, a new sample is obtained. In Fig. 188 the lamp, hf, is 
placed on the outside. 

Other appliances have been proposed, which are based upon an 
entirely different principle. Ma.unz watches the viscosity of the 
mass during the entire graining, and is thus enabled to reach a con- 
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clusion as to the concentration and supersaturation. ‘Lhe device ? 
used consists simply of a vertical mixer with suitable arms, the 
motion being given from the top by a electrical motor. Uyon the 
wire conducting the current is placed an ampere-recording appa- 
ratus. If the consistency of the massecuite increases, the resistance: 
offered by the revolving mixer will also increase, and this will be: 
shown on the ampere recorder, the voltage remaining constant. The: 
pan man keeps the ampere indicator constantly before him, and. 


Rassmus. Observation Apparatus. 
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Fie. 137.—Interior Mode of Fic. 1388.—Exterior Mode of Light- 
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the syrups may be introduced into pan when the mass has exactly 
the consistency determined in advance, for then the ampere re- 
sistance of the agitators will have become standard. It becomes 
also possible in the same way to regulate the water percentage of 
the massecuite at the time the strike is completed. The great sim- 
plicity of this apparatus is a recommendable feature. 

CurIN has constructed an apparatus known as a brasmoscope, 
which permits one to follow continuously the progress of the con- 
centration during graining. The device is based upon the boiling 
points of sugar solutions having different densities and under 
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different vacuos. The idea of the brasmoscope was evidently 
suggested by the KirincHAMMER! hepsometer. By this apparatus 
it may be determined when the tightening shall cease. The strike 
is considered completed when the temperature and vacuum indica- 
tions show a specified difference. The Curtin brasmoscope (Fig. 139) 
consists of a thermometer, 7’, that has 
no direct communication with the other 
parts of the device, and is held in an open 
space of the wooden plank; care must be 
taken to have certain markings on the at 
board to correspond with the thermo- 3 a 
metric scale. The vacuum indicator has il 
two tubes; the shorter, Bz, is open and | 
communicates with the receptacle, V, by ee 
the tube, B. The principal réle of N is | 
to retain the juice and condensed water, 
etc., carried forward by entrainment ; 
these may be drawn off through the cock, 
f. The vacuum pipe’s indicators may Ne 
be lowered or raised by the screw, S. The 
graduated scale, V, is fixed. The third 
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part of the brasmoscope is the sacchari- ai | 
metric scale, D, which may be regulated | 22224 
with the screw, K. 

Fie. 139. 


The apparatus is made ready by 
pouring mercury, drop by drop, into 
the short tube of the barometric tube, Be, until the level cor- 
responds to O of the (V) scale. This is somewhat difficult to accom- 
plish, hence the importance of the final regulating screw, S. The 
difference in the level of mercury in the tubes, B, and Bg, when 
the appliance is working, gives the intensity of vacuum as com- 
pared with atmospheric pressure; if this is found to be 580 mm., 
then the vacuum in pan is 58 cm. ‘This difference is shown on the 
scale, V.. The density is determined as follows: When the vacuo in 
the pan is 62 cm. and the temperature 75° C., the scale, D, is 
lowered so that the upper border of the pointer, A, is on the level of 
the mercury, at which time the scale of D, corresponding to the 
temperature 75 of the thermometer, will indicate 87°. Consequently, 
the liquid being boiled in the pan has a density of 87° Brix. 


CurIN Brasmoscope. 
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When the vacuum remains constant the formation of the grain is 
effected at a normal density, H. The effort should be made to keep, 
as nearly as possible, closely within the limits of this density, for 
it is an admitted fact that sugar granules are in the syrup long 
before they are visible to the naked eye. These should consequently 
be fed so as to gradually force their appearance. 

CurIN conducts the graining by successive introductions of 
syrup into the pan. If, after the first addition of syrup, the density 
is [H —1° Brix.], after the second it should be [H —4° Brix.], and 
after the third it should become H,'the grain being visible; if not, 
another charge is necessary, and the density then is [H7+4° Brix.]. 
It is from this time forward that skill is required to obtain the 
standard granulation. The density then should be kept at [H+2° 
Brix.], which is increased later to [H+3.5° Brix.]. The mother 
liquor yields a large portion of its sugar; hence it is desirable to 
gradually increase the density, so as to favor the molecular attrac- 
tion of the crystals it contains. By the intelligent use of the bras- 
moscope these variations may be followed and regulated, and the 
complete graining can be obtained in 34 hours instead of 44 hours, 
as is frequently the case. 

Tor the practical working of the apparatus certain conditions 
are necessary. A special book must be kept, giving many details 
relating to each strike, the vacuo after each concentration, the 
temperature before new syrups are added, the density before and 
after, the density of the mother liquor before concentration, the 
quantity of juice added, etc. It must be noticed that the working 
of a vacuum pan has hitherto been too empirically conducted, and 
the results in nearly every case have not been what they should be. 
The pan man relies, when working under ordinary conditions, 
upon the general appearance of the syrup being boiled, and when 
the strike is finished the chemist in the laboratory can determine 
just within what limits the product corresponds to the demands 
of the market. As these requirements are constantly changing, 
the pan man has to do much experimenting before he obtains the 
standard grade of sugar that the manufacturer has sold in advance. 
This means a loss of time and money. Hundreds of empirical 
methods have proved most unsatisfactory from a technical stand- 
point, although certain scientific facts are well known. 

CLAASSEN’s apparatus (Fig. 140) has the same object in view, 
and its general outer appearance is very much the same as the bras- 
moscope. It consists of two fixed scales, 1 and 7’, giving the tem- 
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perature and the corresponding vacuum. Alongside of these scales 
are two others, the first, D, being divided into degrees centigrade 
of the same length as the division of 7. The zero of this scale and 
the pointer, C, are placed upon a point of L, which corresponds to the 


customary vacuum, under which the pan 1s 
worked. On the other hand, the smaller 
pointer, Z, slides on the scale, 7, at a height 
corresponding to the temperature of the 
massecuite. The scale, D, will give the 
difference in degrees centigrade between the 
two pointers; that is to say, the difference 
between the boiling point of pure water 
and that of the massecuite for a known 
vacuum. On the other hand, the scale, S, 
fixed to the scale, D, will indicate the water 
percentage of the massecuite for the differ- 
ences of temperature shown upon that scale. 
Consequently, if one places the pointer, C, 
on the number corresponding to the vacuum 
existing in the pan, and the pointer, Z, on 
the number corresponding to the temperature 
then in front of the pointer, Z, the water 
percentage of the massecuite will be shown 
on the scale, S. 

Reversely, it is easy to determine what 
temperature one should reach—supposing 
that the vacuum is constant—so as to 
obtain a given water percentage during 
graining, it being sufficient to place C on 
the number corresponding to the existing 
vacuo, the pointer, Z, upon the number 
corresponding to the desired water percent- 
age (S scale), and to allow the temperature 
to rise to the degree on the pointer, Z, of 
the scale, 7. If the temperature of the 
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Fig. 140. 
CLAASSEN’S Scales. 


massecuite is lower, it will gradually rise through concentration; 
if too high, additional syrup is introduced into the pan so as to 


lower it. 


CLAASSEN has constructed a table giving the difference of tem- 
perature between the boiling point of pure water and that of the 
massecuite, which should be maintained during different phases 
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of the graining. ‘These different phases are indicated by letters 

from a to h. The letter a is subdivided into a and a’, depending 

upon the purity of the syrups. The phases that follow are divided 

into successive periods. 

DIFFERENCE OF TEMPERATURE BETWEEN THE BOILING POINT OF PURE 
WATER AND THAT OF THE MASSECUITE TO BE MAINTAINED DURING 


DIFFERENT PHASES OF GRAINING (CLAASSEN). 


Tempera- During grain 


: At ft : . : Duri 
cea |, Renate | Abments, | Dwimenintaine, | RE 
C° a a’ C c d e i g h 
674 174 18 202 204 194 183 18 17 164 
70 162 173 2014 192 19 184 174 164 15} 
724 164 174 20 194 184 173 174 164 154 
6s 16 162 194 19 18 174 162 153 TS 
774 154 164 19 184 174 ihe 164 154+ 144 
80 154 152 184 18 174 164 16 15 144 
824 15 154 184 174 163 16 154 144 133 
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TOURNEUR’S method for graining in pan is based upon specific 
weight during the entire period of the strike. The density is con- 
sidered one of the most important factors, which in most appliances 
is only very imperfectly determined during the graining, and to 
ascertain the existing conditions at any instant it would be neces- 
sary to take samples from the pan at regular intervals and to ex- 
amine them in the laboratory. The pan man can not be ex- 
pected to take this trouble; he is content with the general 
aspect or finger test. The apparatus illustrated in Fig. 141 gives 
continuously the average density of the product being crystallized, 
and allows an automatic regulation of the flow of syrup into the 
pan, so that the density may be kept at a regulated standard. 
This apparatus is based upon very much the same principle as the 
density indicator of the same inventor. 

The apparatus consists of a valve, S, placed in the distribution 
pipe, G EL. ‘This valve follows the up-and-down movement of the 
float, F, which in turn follows the level of the water placed in a re- 
ceiver, A. The receiver, A, is combined with a second compartment, 
B, placed at a very much lower level; both are connected by pipes, 
CM and DN, with the vacuum pan, and are arranged so that the 
level of the water, and consequently the float, F', and the valve, S, 
follow the variation of the average density. When the specific 
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gravity of the product in pan increases, the valve S will rise; and 
when the density decreases, it will cut off all communication with 
syrup supply. When the appliance is regulated, the flow of syrup 
from G into pan‘will continue in such a way as to allow the density 
to remain constant. A screw, X, placed on the upper part of A, 
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Fig. 141—Tournsur’s Density Regulator. 


allows the density to be regulated during working. It is claimed 
that the TouRNEUR appliance allows the graining to continue always 
under same conditions, and consequently to have a strike that is 
‘always perfectly uniform. As the syrup fed to pan is automatically 
regulated, there need be no fears of poor grain, the outcome of 
momentary inattention on the part of pan man. It is essential to 
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have M ata level below the principal joint of the pan, so that the 
corresponding pipe may penetrate the massecuite from the start. 
B must be always higher than JN, and the vertical spacing between 
Band A should be such as to allow the difference in the water level 

of B and A to attain one and a half times the height, H. = 

DELAVIERRE’S! experiments have the object of making the 
entire graining automatic. A special device renders the vacuum 
constant in the pan, under which conditions there are only two 
variable quantities, the pressure of the steam used for heating and 
the temperature of the graining, both of which vary from the same 
causes. The temperature of the massecuite and the pressure of the 
steam increase as the product being grained becomes more con- 
centrated. These two factors decrease when the concentration of 
the massecuite is lowered by the introduction of syrup. An auto- 
matic regulator allows the syrup to enter when the pressure is ex- 
cessive and the product is too thick. 

On the other hand, if the steam pressure is lowered, this indi- 
cates that too much syrup was introduced, and under these con- 
ditions another regulator allows more steam to enter until its pres- 
sure is again within normal limits. The syrup is distributed, under 
considerable pressure furnished by a pump, throughout the entire 
mass, by a series of 15 injectors. The regulator of the syrup 
introduction also acts on the force pump. 

From what has been said, it is evident that much yet remains 
to be accomplished before the results will be entirely satisfactory. 
Whatever may be the theory on which the graining is conducted, 
the practical automatic device has yet to be invented. | 

Perturbations during graining.—Numerous perturbations occur 
during graining. Sometimes these are readily overcome, especially 
when the irregularity is due to the faulty working of some other 
piece of apparatus upon which the pan depends. 

Insufficiency of syrup.—When working the pan by the so-called 
continuous mode of graining, it is very important that there shall 
be no instant when the supply cannot be kept up. If the syrup 
waiting tank is becoming empty, the graining operation should be 
conducted more slowly than during regular working. If the waiting 
tank becomes entirely empty, the steam valve is closed and all coin- 
munication with the condenser is cut off. The mass must be fluid, 
so that the sugar in supersaturation will crystallize very slowly: 


1 Horsin-Dton, Traité IJ, 2, 704, 1900. 
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The fluid massecuite, even if left to itself, will not readily crystallize 
when the steam valves are closed. There are certain emergencies 
in which this is necesary, for example, with a breakdown of the air 
or syrup pump, or when there is a bursting of a steam pipe. When 
the graining is first started, however, such stoppages are out of the 
question, and the best way is generally then to remelt all the grain 
in pan. If this measure were not taken, the result would be a mixed 
grain. When the strike has reached a certain stage the difficulty 
may, in a measure, be overcome by keeping the mass in motion, 
to which end a small air cock is opened upon the feed pipe through 
which the mass receives its syrup, and which should penetrate 
to the bottom of the pan. The bubbles find their way through 
the mass and produce sufficient motion to prevent the crystals 
from depositing. This method of air suction cannot be used if the 
condenser and air pump are out of order. The problem then is to 
maintain the existing vacuum as long as possible. 

When an insufficient amount of syrup, at a time when the grain 
has been already formed in the mass, is the main cause of the per- 
turbation, the strike may be concluded with diluted molasses. To 
attempt continuing the graining with carbonatation juices would 
be difficult in practice. In certain cases the semi-concentrated 
syrups, from the last compartment but one of the multiple effect, 
could be used. When the pan’s working must cease for a consid- 
erable interval, during which the vacuum is lessened, all efforts 
should be centered upon tightening the emptying valves, etc., 
and sometimes it may be desirable to fill up the joints with putty 
or cement. In some emergencies, and in case an additional pan is 
at one’s disposal, which is generally to be recommended, the semi- 
grained contents of one may be drawn into the other by allowing 
the vacuum to be more considerable in the pan to be filled than in 
that to be emptied. The graining then continues as usual in the 
other apparatus. 

Difficulties in graining.—When handling syrups obtained from 
the juices of frozen beets, or when molasses has been introduced 
into the juices being carbonatated, the graining in pan offers certain 
difficulties, owing to the impurities present. ‘The graining may be 
accomplished only by an exceptional concentration of the nucleus 
mass used as a basis of graining. If the steam used for heating 
exceeds a pressure of 0.5 of an atmosphere, there will necessarily 
follow a certain sugar destruction on the surface of the heating 
tubes. 
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Rather than resort to this exceptional concentration, which 
always involves a certain risk, all possible care should be given to 
the second carbonatation. The introduction of molasses should be 
given up, or else a high-grade second or third sugar is dissolved in 
the juices under consideration. 

When such modes are adopted, difficulties during graining very 
seldom occur. It frequently happens that, during the operation 
of graining, certain changes manifest themselves, and the sugar 
crystals suddenly stop growing. The only remedy is to continue 
the strike slowly. Juices that have not been submitted to a proper 
manipulation during second carbonatation will frequently froth 
in pan. One of the remedies for this is to draw in a certain quan- 
tity of fatty substance which acts as a froth arrestor. According 
to CLAASSEN, the injection of live steam is of great assistance, and 
should be tried before using grease for this purpose. 

StTaMMER! declared that the principal difficulty in graining is 
caused by the pectates of lime, and suggested as a remedy any of 
the agents that will precipitate the lime, such as soda, sodic phos- 
phate, oxalic and phosphoric acid. According to ErssreLptT,2 
difficult graining is due to certain germs. HeErzretp? favors 
this theory also; but BopENBENDER, on the other hand, attributes 
the phenomenon to the presence of basic lime salts. RumpiEr 4 
contends that 0.1 per cent of these salts is sufficient to cause diffi- 
culties during graining. According to LrppMANN,® it is possible 
to prevent the formation of these salts by a careful defecation of 
the juices at a sufficiently high temperature; but, on the other 
hand, this same authority points out that there is no actual proof 
that the salts in question are responsible for the difficulty occurring. 

CLAASSEN claims that the increase of calcic salts in the concen- 
trated juice corresponds always to an increase in the percentage of 
organic substances due to the inferior quality of the beets sliced. He 
further says that an increase in the percentage of calcic salts does 
not necessarily mean a difficult graining in pan. Lime salts, that 
are the outcome of the destruction of invert sugar and nitrogenous 
substances through the action of lime, are not in the least objec- 


1 LippMANN, Entwicklung, 164, 1900. 
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tionable during graining, and have less influence in preventing sugar 
from crystallizing than have the organic potassic salts. It becomes 
evident that one cannot consider all the lime salts as causes of 
difficulties of graining in pan, and that the conclusions drawn 
from a high percentage of these salts regarding their action upon 
graining are not admissible. Certain organic substances, possibly 
coming from poor beets partly combined with lime, upon being 
dissolved in the diffusion battery, are responsible in a large measure’ 
for difficulties in graining. Their amount evidently increases when 
working slowly and at high temperatures. The rapid handling of 
the battery would, in a measure, obviate the difficulty. The longer 
the duration of diffusion the greater will be the dissolution of these 
objectionable salts, and for this reason the last strike of the week 
is generally the most difficult. 

As a remedy for the difficulties in graining, besides the modifi- 
cations in the work of the diffusion battery, the addition of soda 
or bisulphid of soda is proposed, in order to transform the organic 
calcic salts into corresponding sodic salts. The best results are 
obtained by adding the sodic salts to the concentrated juice, or 
even to the juice before its entrance in the multiple effect, so that 
the carbonate or sulphid of lime that precipitates may be elim- 
inated through filtration. It is not, however, essential to trans- 
form all the calcic salts present by the means of sodium salts. 
CLAASSEN says that when this mode proves efficacious, a quarter’ 
or a half of the quantity of soda needed, as determined by theoret- 
ical calculation, overcomes the difficulty. It would seem that the 
objectionable calcic salts are transformed at the start. 

Too much reliance cannot be placed upon this method, for even 
the authority who suggests it points out that it has not yet been 
demonstrated that sodic salts do not cause even greater difficulty 
during graining than the calcic. In this case von LippMaANN ! 
recommends that defecated juices be boiled for half an hour before: 
carbonatation. 

CLAASSEN says that another method rendering excellent service 
in cases of difficult graining is a mechancial agitation of the mass, 
this being accomplished in pan by means of live steam freely in- 
troduced through distributors placed at the bottom of the appa- 
ratus. One may inject into the mass being grained as many steam 
bubbles as desired. The motion they produce renders the heat 
transmission and crystallization most satisfactory. 





Peel § 1161), 1888: 
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Sometimes the syrups have an excessive alkalinity. Concen- 
‘trated juices that have not been sufficiently saturated, and con- 
‘sequently contain lime combined with sugar, are most difficult to 
grain properly. For this if for no other reason, the saturation in 
question should be carefully and thoroughly effected. As the lime 
“saccharate is such an important obstructor in working the syrups 
in vacuum pan, the conclusion appears justified that, among the 
“various ‘salts known to exist in concentrated syrups, the calcic salts ~ 
‘of acids having a high molecular weight, such as those derived 
from pectic substances, are more responsible for the trouble than 
any others. 

Some syrups it seems almost impossible to grain, notwithstand- 
ing all efforts to overcome the difficulty. A remedy proposed by 
-MarauErit#! consists in introducing into the pan a smali quan- 
tity of hydrochloric acid diluted in twenty times its volume of 
water. This operation demands very much care. The acid is in- 
‘troduced into the massecuite until its alkalinity drops to about 
‘0.1 per cent of quicklime. While the difficulty may, in a measure, 
be overcome, new complications present themselves because of the 
introduction of foreign substances in the mass being crystallized, 
which necessarily have an important influence that must be con- 
sidered. Vivien? recommends that carbonic acid be introduced 
into pan for the purpose of precipitating the lime. This idea is a 
good one, but it remains to be proven within what limits it can be 
practically carried out. 

Difficulty during graining may be due also to the fact that the 
valve of the condensed-water purger is stuck on its seat, or that the 
float connecting with it is out of order, in which case the condensed 
‘water can no longer run from the heating chamber. This should 
be looked after at once; but often the pan man, to save trouble, 
‘simply ties back the lever of the valve, which objectionable practice 
necessarily causes a great loss of vapor that should have been utilized 
in one form or another. It is desirable to have in reserve a float 
for this purger, that the requisite repairs may be rapidly made, 
and there are advantages in having a valve upon the pipe carrying 

the condensed water to the purger. Upon this pipe is placed another 
valve or cock through which the condensed water may flow during 
any interval of repairs. This cock should be opened only when 
it is absolutely necessary, and not, as is too often the case, to facili- 








a 
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tate graining, as the pan man frequently argues. When handling 
a mass that is difficult to grain, it is very important to be careful 
of the manner in which steam is used, as the pressure can rise sud- 
denly and may exceed the limit for which the heating coils are 
made. 

Formation of crusts and balls.—If the vacuum pan is not properly 
cleaned hard lumps may form in the massecuite. They are pro- 
duced at the commencement of the graining in pans in case the 
heating surfaces are not entirely covered with syrup. The un- 
covered heating portions, such as coils, etc., are constantly sprayed 
with the concentrated juice and the drops that remain on them 
crystallize and adhere strongly to the surfaces with which they 
are in contact. This condition becomes still more marked if there 
is a leakage of the steam valves. 

In certain spots the adherence is so close that even when com- 
ing in contact with the boiling mass they are not detached. These 
crystallized drops cannot be dissolved, as they are constantly sur- 
rounded with supersaturated juice, and when the steam of the 
vapor used for heating is passed through the upper coils the deposits 
are burned and transformed into hard crusts, which are frequently 
abundant. They have a crystalline fracture and are found chiefly 
at the junction of the supports of the coils or in the angles. Owing 
to the variation of temperature, especially when the steam is first 
introduced, these crusts or lumps frequently detach themselves 
after having reached a certain thickness falling into the massecuite, 
and are often found in the sugar. The larger portions alone may be 
removed, while the smaller crusts remain. 

Hard balls of massecuite may also form at the lower part of the 
vacuum pan when the steam coils or pipes are placed too near 
together. Under these circumstances the motion of the massecuite 
is more or less paralyzed, and the product is burned on many 
portions of the heating surface. It is evident that these balls are 
formed during graining, and not afterward, as their interior sur- 
face is shiny and shows the exact convexity of the surface with 
which they were in contact. The crusts that form at the upper part 
of the pan generally show a fine crystalline texture, while the lumps 
of massecuite formed between the coils are made up of large crystals. 

In order to obviate the formation of these crusts, or rather to 
prevent their passage into the raw sugar, the deposits formed on 
the coils should be redissolved after the strike has been emptied 
from the pan and before a new graining is commenced. It is im- 
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possible to dissolve them in concentrated juice, as it concentrates 
so rapidly as to prevent all dissolution. It is for this reason that 
CLAASSEN recommends that perforated steam pipes be placed below 
the heating surfaces of the pan. These project steam against the 
coils thus dissolving the crusts formed. The vaporization by use 
of the perforated steam pipes should continue for the period neces- 
sary to completely detach the crusts, and they will offer no diffi- 
culty in the subsequent operations. 

The injected-steam method recommended by CLAASSEN pre- 
vents the formation of lumps at the bottom of pan, and, further- 
more, when the vacuum pan is heated with steam coils or tubes 
that are too near together, the steam should be injected from per- 
forated coils placed in positions which will allow the projection 
from bottom to top. 

Sugar destruction.—The authorities do not agree in regard to 
sugar destruction during graining. Experiments! demonstrate 
that it is a mistake to continue graining for too long a period, as 
a certain percentage of sugar is destroyed, the viscosity is increased, 
and the alkalinity diminished, while the ash percentage remains 
unchanged. It is claimed that after five hours the destruction ? 
is 0.23 per cent and after 8 hours 0.49 per cent. Barrur? declares 
that during graining of first sugar the destruction is 0.286 per cent 
of the total sugar originally contained in the beet. 

DrEGENER and Lacu* proposed to decrease the temperature 
during graining by increasing the vacuum, in order to decrease 
the percentage of sugar destroyed. SryYFERTH® attempted to 
obtain the same results by using exhaust steam and very large heat- 
ing surfaces. Prepur,® in 1882, also proposed that the duration of 
the graining be lessened by the use of mechanical agitators. 

According to CLAASSEN, a destruction of sugar during graining 
is practically inconsiderable by the present methods of graining. 
As, for the reasons explained in the foregoing, the effort is made, 
and is nearly always successful, to produce a sufficient motion 
in the massecuite in the vacuum pan and upon the heating sur- 
faces, there will exist in no portion of the mass an elevation of 
temperature, even when heating by old methods with live steam. 
Just as in the multiple effect during boiling, the temperature of the 
massecuite on top and on the bottom is about the same, and it is 


1 Oe.-U. Z., 27, 790, 1898.  °Z.,42,818,1892. °Z., 20, 742, 1870. | 
2 Bull. Ass., 16, 781, 1899. 4Z., 82,574, 1882.  °Z., 46, 41, 1896. 
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only in an apparatus of exceptional height that a difference of 1° to. 
2° C. exists. With a vacuum of 55 to 65 cm., the massecuite during 
the tightening has a temperature of 80° to 85° C., and at that 
temperature an appreciable destruction of sugar in alkaline masse- 
cuite is not to be considered. If one admits that particles of the 
product may momentarily take a higher temperature than that of 
the massecuite considered as a whole, this may, at the most, attain 
the temperature of the vapor or steam used for heating, and this. 
vapor is at a maximum temperature of 115° to 120° C. in cases. 
where vapors of evaporation are used. That is to say, the 
maximum temperature reached is one at which large quantities of 
sugar cannot be destroyed. 

Certain practical observations which have led to the contrary 
conclusion are apparently accurate only in exceptional caces. 
When there is sugar destruction there is a marked decrease in the. 
alkalinity of the mother liquor, for the reason that one part of the 
sugar destroyed will saturate 0.4 part of potassium or 0.25 part 
of lime. Such decreases in the alkalinity do not take place, and 
the slight change noticeable may be attributed in most cases to the. 
decomposition of non-sugar and the liberation of ammonia. If one. 
grains a neutral or acid-concentrated juice for any considerable. 
period sugar may be destroyed, provided there is a high tempera- 
ture of the mass and of the vapors used for heating. 

Losses due to mechanical causes.—According to BovurLLANnt,} 
at the beginning of the graining there is a comparatively small 
quantity of sugar carried off by entrainement, while the reverse is. 
the case toward the end of the strike. This authority maintains. 
that there is a mechanical loss of 0.1 per cent of the total sugar 
originally existing in the beet. According to CLAASSEN, however, 
with normal methods of graining there are no mechanical sugar 
losses in pan through entrainement, and fine drops are never formed 
at the expense of the viscous massecuite to be carried forward 
with the vapors. There are, however, large detached lumps that 
follow the rise of the steam bubbles to the surface of the boiling 
mass, but which by gravity at once drop back into the strike. As 
long as the juice is being concentrated, that is to say, as long as 
the mass continues to be only slightly viscous and small drops are. 
formed, the free space in pan is sufficient, and a very great amount 
of free space is not under normal circumstances necessary when 


1 Bull. Synd., 25, 756, 1897. 
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the strike of a massecuite is nearly finished. However, one should 
allow for the free space a height of 1 to 2 meters above the highest 
level of the product being worked in pan. 

In exceptional cases there may be produced excessive frothing | 
or with normal juices this is produced when the vacuum rapidly 
rises, for example, after a perturbation in the working of the con- 
denser (due to the absence of water) or of the air pump. In this 
case the massecuite, heated at a higher temperature corresponding 
to a greater vacuum, will suddenly abandon its excess of heat by 
the formation of numerous bubbles. In such cases the greatest 
prudence is necessary to prevent a portion of the massecuite from 
entering the vapor passages, through which it would be carried to 
the condenser. As a means of preventing this entrainement of the 
froth, air may be permitted to enter the pan in order to lower the 
vacuum, closing the sluice valve of the passage toward the con- 
denser and gradually opening it to allow the vacuum to slowly 
rise in the apparatus, at the same time introducing a certain 
amount of oily substance upon the surface of the mass until the 
boiling is quiet and regular. : 

When the catch-all is working with regularity, the sugar loss 
by entrainement from pan can never be very great. Unfortunately, 
however, the return pipe for the collected sugar is frequently 
stopped up by the massecuite carried forward by the steam bubbles 
toward the end of strike. It is well to make repeated examina- 
tions, and if the return pipe from the catch-all is at the same tem- 
perature as the vapor pipe itself the conditions may be considered 
normal and there is no clogging. 

Sugar losses may also be caused by steam coils or heating tubes 
that are not sufficiently tight, and these losses may be greater than 
in the multiple effect, as each time the pan is emptied the masse- 
cuite penetrates through the cracks into the heating chamber 
and into the condensed water. For this reason it is desirable to 
make repeated sugar tests of the condensed water, especially when 
the vacuum pans are started. 

Important leakages of the heating surfaces are made noticeable 
during graining by the condensed water passing into the masse- 
cuite, which increases the time required for the strike owing to 
the slowness of the grain formation. 

Repairing pan.—However slight may be the leaks in question, 
they are always manifested by characteristic sounds in the pan at 
ithe time of tightening the strike. If these are slight no attention 
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need be paid to them, but should they be of considerable import- 
ance it may be necessary to empty the pan entirely and to continue 
the operation in another apparatus. 

The making of urgent repairs necessarily demands that the 
mechanic enter the interior of the pan, and certain precautionary 
measures must be taken. To cool the coils cold water is circulated 
through them. For this purpose one uses the water valve by means 
of which the coils had been submitted to a hydraulic test before the 
sugar campaign commenced. The bottom valve is opened, and, 
last of all, the valve connecting with the condenser is opened a 
fraction, so as to circulate some fresh air into the apparatus. If the 
emptying valve is too near the crystallizators and the air drawn in 
is too hot, air may be introduced by any other orifice, such as the 
manhole, observation windows, etc. When the apparatus is suffi- 
ciently cooled it may be entered, but as long as the repairs are in 
progress the pan should be watched; otherwise there is danger of 
an accident. 

Small leaks in the coils of the vertical pans may be soldered with 
tin; but, on the other hand, if they are large the entire coil must 
be removed. In the case of horizontal pans such accidents are very 
much more readily repaired than in the vertical apparatus, and the 
tubes may be removed in a few minutes. Before the regular work- 
ing of the pan is resumed, care must be taken that the repair man is 
out of the pan, and, furthermore, that all nuts have been tightened 
and no tools left behind, for the latter would cause destruction 
during crystallization in motion and curing. 


CHAPTER. II. 


MANUFACTURE OF RAW SUGAR. 

Preparation of the massecuite for curing.—The sugar crystals 
are freed from the adhering syrup through the action of centrifugal 
force. By early methods, now almost entirely obsolete, the masse- 
cuite was grained to the thread test, and run into small pentagonal 
boxes introduced in the sugar manufacture by SCHUBZENBACH. A 
bottom plug was removed and the mother liquor or syrup drained 
off. This process disappeared when centrifugals came into vogue. 

Working with massecuite reservoirs.—The reservoir method 
consisted in running the entire massecuite into sheet-iron tanks. 
The product was allowed to cool, so that the sugar in state of super- 
saturation in the mother liquor would feed the existing crystals 
and help them to grow. Unfortunately, this increase in size was. 
very slight and the greater portion simply separated as false grain. 
The solidified mass was removed from the reservoirs with shovels, 
or in some similar way, and was then broken up in special mixers. 
before being run into the centrifugals. It is impossible to describe: 
the dirty work which this process entailed. 

The Drnis-LEFEVRE combination (Fig. 142) shows a progress 
upon that primitive mode. The drawing explains itself. The masse- 
cuite tank has a slanting bottom. When the proper moment 
arrives the sluice, S, is opened and the product falls into the crushers, 
C, beneath and is then drawn through the ball valves and forced up 
through a pipe, as shown by the arrows, when it falls into a hopper 
connecting with the centrifugals. There is no shovelling, and that. 
section of the factory can be kept comparatively clean, which with 
the old methods was out of the question. Furthermore, fermenta- 
tion frequently occurred, involving sugar losses. 

The massecuite mixers are of varied construction. In Figs. 143 
and 144 are shown the SrLtwia and LANGE mixer, consisting of a 
horizontal drum, having attached to it a series of knives, straight. 
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or curved, arranged spirally. The entire system has a slow revo- 
lution in a suitably arranged iron trough, over which is a hopper. 











a) ET 











p——" WG (eR 
S39 Wo 






























8 Oa 


SSS 








CRE 





eB 
YZ <2 7, - 
ef NSO ne 
NNO NS ERNIE 
POS Y ye 
5 Se 
WL PS Naz Ci "LL lo ee 
ee : Yrs 
Vs Uf FLL Na 


Fig. 142.—Dernis-LEFEvRE’s Handling of Massecuite. 


Movement is given to the apparatus by pulleys on the main axis, 
the latter being connected with the upper axis by gear wheels. 
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Figs. 143 and 144.—Sretwie and LANGE Mixer. 
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When the mass is thrown into the hopper the first breaking up 
occurs while passing through the two upper serrated rollers. When 
the mixing is finished the apparatus is emptied by opening a valve 
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at the bottom, and the product falls into small wagons running on 
rails over the centrifugals. To facilitate the operation a certain 
quantity of water or diluted after-product may be added. 
Schuezenbach’s boxes.—Instead of massecuite tanks many 
factories formerly used small, movable boxes called ScHUBZENBACH 
boxes after those previously mentioned. Notwithstanding the 
fact that they had numerous advantages over earlier devices, they 
are being used less and less, and more modern appliances are taking 
their place. The boxes shown in Fig. 145 are comparatively high, 
and are wider on top than at the bottom. They will hold as much 
as 500 kilos of the product. In the bottom of the box is a hole, 
which is closed with a suitable plug, and on the sides are two jour-- 





Fic. 145.—ScuurnzENBACH Box on Wheels. 


nals resting on two stirrups, which are supported on the frame 
forming part of two wheels. These, with the tiller, constitute a 
small carriage which may be readily moved from place to place. 
A number of men present these movable boxes under the hoppers 
from the pan, and they are rapidly filled with massecuite. In case 
the product is very fluid certain precautionary measures should be 
taken to prevent the men in charge from being burned. 

These receptacles are placed side by side in a large room where 
they may cool, and, as they occupy considerable floor space, they 
should be as near together as possible. In some factories they 
used to weigh each of these receptacles on scales, but as by 
present modes of working this would be a waste of time, the mills 
still using these boxes take the average weight of three or four of 
them. The period of cooling is variable, depending upon the qual- 
ity of the massecuite. In pure massecuite the mother liquor has 
a comparatively high purity and will rapidly crystallize in 12 hours, 
provided the cooling room is at 25° C. Theoretical results, how- 
ever, are not obtained in practice. The cooling is not uniform, 
and considerable false grain is formed. The portions in contact 
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with the iron sides are comparatively cold, while in the centre 
the mass is warm and fluid. 

When these boxes are filled from pan on the same floor as the 
centrifugals, they have to be raised on a lift to a floor above that on 
on which the mixers are located. When sufficiently cool and hard 
the product is emptied into these appliances and crushed. To 
facilitate the emptying the bottom plug is removed and replaced by 
a rubber pipe, through which compressed air is introduced, and 
the entire mass is soon emptied. This way of emptying was first 
introduced by BrecKer.! 

When it is the intention to work the mass hot in centrifugals. 
it is simply run through the mixer; if it-is desired to cure it at a 
ow temperature, molasses at 35° Bé. is added to prevent the breaking 
of the crystals. The temperature and dilution of the after-product. 
used depends upon the degree to which the massecuite has been 
cooled. Ifa considerable quantity of false grain has been formed the 
curing cannot be readily accomplished, and it becomes necessary 
to add so much diluted hot molasses that the small crystals will 
redissolve. There is no standard by which one can determine in 
advance the quantity of after-product to be used. In most cases 
too much diluted molasses isadded. The working with these boxes 
demands care, otherwise, as has been previously pointed out, the 
floor of the room will be in a filthy condition. 

Artificial cooling.—To overcome these difficulties Bocaquin and 
Lipczinski have introduced an apparatus which rapidly cools the 
massecuite, so that it may be satisfactorily cured in the centri- 
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Figs. 146 and 147.—BocquIn and Lipczinsx1 Refrigerators. 


fugals. The product is kept in motion and does not form a com- 
pact mass. This apparatus (Figs. 146 and 147) consists of a semi- 
cylindrical trough with raised sides which are double, so as to leave 
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a space for the circulation of cold water. Upon the axis, bb, are 
the agitating arms, c, c, c, arranged in a spiral, by which means 
the massecuite is continuously brought in contact with the cooling 
surfaces. The motion is given from a horizontal screw, e, that gears 
with a. The apparatus is emptied from the bottom. It was very 
simple in construction, needed very little looking after, and it was 
claimed that it required no diluted after-product, as does the 
SCHUEBZENBACH method. 

Experience has shown that numerous difficulties arose from 
the very fact that the diluted after-product was not added as the 
cooling progressed, and in the factories where this apparatus was 
used the custom was to resort to this addition, water being fre- 
quently used instead of molasses. Since the crystallization in 
motion has come into vogue, which will be discussed under another 
caption, this method is being abandoned. Numerous appliances 
of the same kind have been used. The arrangement does not much 
matter, as the final result is always about the same. The motion 
should always be very slow, not more than two revolutions per 
minute, and requires very little power. A thermometer should 
be within easy reach, so that the temperature may be kept under 
perfect control. 

In most beet-sugar factories there are two coolers for every 
vacuum pan. As the strike in pan lasts about 10 hours, the cooiing 
may continue for 15 hours, after which period it may be satisfactor- 
ily handled in the centrifugal. However, in many cases only 10 
hours are allowed for this operation. Under all circumstances the 
coolers should remain empty at least two hours before the new 
strike from pan is emptied into them. When the massecuite 
presents a viscous appearance, which always is followed by diffi- 
culties during the curing, this operation should be started earlier 
than usual, in order to prevent delays in the other stages of sugar 
extraction. These coolers should be filled to within 100 mm. of the 
top, so as to leave room for the diluted after-product or water to 
be added. It is important that the agitating arms shall not pass 
outside the upper surface of the product being cooled, as a portion 
would be lifted to subsequently fall back and carry with it air 
bubbles, which, in excess, would seriously delay the curing. For 
the same reason the remains of a strike should not be emptied into 
the refrigerators unless the volume is sufficient to fill the receptacle. 
It would be far better to cure the excess of massecuite if it does 
not fill the cooling mixer without attempting the cooling. 
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By the ordinary method of mixing the regulation of the tem- 
perature, the first essential for a good crystallization, cannot be 
controlled. After the massecuite leaves the pan it is cooled rapidly, 
so as to bring it to a temperature that will give the best results, 
water or diluted after-products being added during its curing. 
The working with mixers has an advantage as regards cleanliness 
over the use of boxes, but, on the other hand, the yield of sugar 
by the latter method is greater than by the mixing process, and 
the after-product, consequently, has a lower purity. With these 
coolers it is possible to lower the purity of the mother liquor to 
74 or 75. 

There can be no question but what a regulated crystallization 
of the massecuite is obtained when it is emptied into boxes or 
mixers. The only precaution necessary is that the cooling be 
gradual. There will follow a crystallization from the mother liquor 
upon the crystals already existing, and upon the new small crystals 
which were formed during the tightening operation after graining, 
or during the cooling. These crystals can only be partly collected 
during the swing-outs in centrifugals. The principal object in 
working a massecuite is to extract the largest possible amount of 
sugar, which is not realized by the work in boxes or during mixing. 
The object for the present is to put the massecuite into a condition 
that will facilitate its swing-out in centrifugals. 

Care needed.—Although these coolers need little or no care, 
the horizontal screw through which the motion is transmitted 
should be kept well oiled, and precautions should be taken not to 
allow any hard substance to fall into the mass, as this would cause 
some breakage. The emptying valve or gate should remain open. 
as long as possible after the apparatus has been emptied of its 
contents, and the valves should be washed with hot water before 
closing it and refilling, otherwise they will stick. 

Advantage.—There are numerous advantages in working by 
this cooling and mixing method, among which may be mentioned 
economy of labor, easy control, exceptional cleanliness, and facili- 
ties for obtaining a massecuite in that condition in which the 
curing in centrifugals may be very advantageously done. 

Transportation of massecuite to centrifugals.—The cooled 
massecuite may be transported to the centrifugals in various ways: 
by cars running on rails, by troughs with revolving spirals, chains 
with disk attachments, massecuite pumps, and by compressed air. 
The first plan is extensively adopted in Germany and Austria. 
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These cars come under the emptying gate or valve of the retrig- 
erators and then roll on a trolley over a centrifugal, where they are 
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Fie. 148. 


emptied of their contents. ‘The arrangement of BREITFELD and 
DANEK is shown in Fig. 148. It is to be noted that this method of 
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transportation is dirty and demands considerable labor, but it per- 
mits one to ascertain exactly the quantity of massecuite being 
handled, and this may in certain cases be very advantageous, 
especially when the curing is difficult and the load has to be reduced. 
There is very little cooling during this transportation. 

The Hepworrs distributors with mechanical agitators were 
made known in Continental Europe by Wunpram;! but underwent 
several modifications. The agitators adopted to force the masse- 
cuite along in the troughs have been most varied in shape. In 
Fig. 149 is shown one of these arrangements, in which a is the trough 
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Fig. 149.—Massecuite Distributor and Mixer. 


where the massecuite circulates, and 6 the agitator. The register, c. 
allows the measuring hopper, d, to be filled, its centre of gravity 
changing during the filling, and after the conditions of stability 
cease to exist it tips over and its contents are emptied into e. The 
lever, f, permits d to be replaced in its original position. In most 
cases this measuring hopper is done away with and the product 
from a falls directly into the centrifugal. This apparatus is no 
cleaner than the suspended cars, but its working is more economical, 
as the labor for operating the cars is eliminated. One objectionable 
feature, however, is that the trough must be full, as otherwise the 
agitating arms would introduce considerable air into the mass. 
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When the swing-out operation is finished there always remains 
in the troughs a certain quantity of the mass which soon hardens, 
the crystals formed being crushed as soon as the agitating arms 
-are set in motion. Better results are obtained by having double- 
bottom troughs through which steam circulates, notwithstanding 
the fact that there is no special advantage in heating the first masse- 
-cuite before its swing-out in the centrifugal. But in case the pro- 
duct is not readily worked in centrifugals, or that it remains in the 
trough for a considerable time, this heating is to be recommended. 
~The filling of the centrifugals is a question of practice. No rule 
can be given as to the volume of massecuite to be cured. If the 
centrifugals are filled when at rest, which is generally the case, 
one may obtain a satisfactory filling by having some convenient 
mark on the drum of the apparatus, to indicate the height which 
the massecuite should reach before the drum is made to spin. 
Even when the centrifugals are filled when working, which is the 
‘case when handling second and third massecuites, the persons in 
charge soon acquire the requisite dexterity for the work. 

When it is desired to raise the massecuite from one of the dis- 
tributors just mentioned an endless chain may be used. ‘These 
chains have plate attachments that lift the product in a slanting 
gutter in which they move. It is very correctly pointed out that 
this procedure always crushes the crystals, and keeps the product 
exposed to the air for too long a period. 

Massecuite pumps.—As early as 1884 the Five LILLE Company 
proposed that pumps be used for the transportation of massecuites. 
The Se:wic and LANGE pumps have been in public favor for a long 
time. Their general arrangement is shown in Figs.150 and 151. 





Fies. 150 and 151.—Sritwia and Lance Massecuite Pumps. 


During the period of suction there is a vacuum created in a between 
the piston, b, and the bullet valve, d. When the space, c, is opened 
the massecuite will enter into the cylinder of the pump. When 
the motion is reversed the product is sent through the force pipe to 
the centrifugals. The efficiency of these pumps is comparatively 
small, owing to the fact that their actual working is only by a single 
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stroke. ‘To increase the efficiency Frsca adds a slide valve, S 
(Fig. 152), that remains closed when the piston’s direction is reversed. 
These pumps give equal satisfaction when 
used with the ScHUEZENBACH boxes and 
with the cooling and mixing apparatus.  ‘ 
The Fives-Litte pump has some 
advantages (Fig. 153) over the arrange- 
ments just mentioned. It is combined 
with a mixer, a, from which the properly 
diluted massecuite is drawn into the 
cylinder of the pump when the piston, b, opens the space, d. The 
heavy valve, c, may be raised from the outside if it should become 
stuck on its seat. These pumps may force the product to where it 
is to be handled, or into suspended cars over the centrifugals, ete. 
Satisfactory results have been obtained by the filling of the cen- 
trifugals with massecuite from a horizontal pipe with bottom open- 





Fie. 152. 
Fresca Massecuite Pump. 





Fig. 153.—Fives-Litte Massecuite Pump. 


ings corresponding to each centrifugal. To prevent the granulated 
mass from filling up the distributing pipe a chain moves backward 
and forward at regular intervals. The application of compressed 
air for the transportation of massecuites to the centrifugals demands 
that the apparatus from which it is forced be entirely closed and 
that the mass be very fluid. 


CHAPITERAUE 
CURING. 


General considerations.—The massecuite consists of sugar 
crystals with a syrup or mother liquor adhering to their surface. 
To effect their separation the product is placed in circular baskets, 
to which is given a rotary motion that attains considerable velocity. 
The fluid portions are thus swung out during the spinning, and the 
solid portions, or sugar, remain in the interior upon the metal 
filtering sheet, the mesh of which varies with the work to be done. 
These appliances have taken the place of the old mode of curing, 
which consisted of a simple drainage in boxes of the SCHUEZENBACH 
model or other receptacles. 

It was ScHOTLER! who, in 1844, made the first ree, ex- 
periments to separate syrup from sugar crystals by the action of 
centrifugal force in special appliances. These early efforts did not 
meet with much success, and, according to TISCHBEIN,? it is to CLASE 
that the first practical results must be attributed. These were 
first obtained in the LEMBEEK (Belgium) sugar factory with a SEYRIG 
centrifugal; then with a Frsca? centrifugal with bottom driving. 
The apparatus in question consists of a circular basket, which re- 
ceives its motion from the bottom by means of a belt, or from above 
through the intervention of a friction pulley. The drum has a per- 
forated interior covering of sheet-iron or other metal, the meshes 
of which retain the sugar, while the exterior casing holding the 
drum is of sheet or cast iron and collects the swing-outs at the bot- 
tom, where there is an exit opening. 

Foundations for centrifugals.—The outer casing rests directly 
upon the ground in case there is upper driving, or, in case of under 
driving, upon a foundation, protecting the organs of transmission, 
to which the centrifugals are directly attached by means of suit- 
able bolts. The foundation should be solid and made of hard brick 
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or stone and well cemented. In some cases the centrifugal rests 
upon iron girders, tightly held to the foundations, while in others 
a simple wooden frame is used. The Weston centrifugal, generally 
used in America and the West Indies, is suspended to overhead 
beams. 

The drum.—tThe basket or drum of the centrifugal consists of a 
cylindrical receptacle having an upper border that is turned toward 
the interior of the drum. It is essential that the slant given to the 
border be kept within reasonable limits. In some cases it is riveted 
to the drum by means of an angle iron, but this arrangement has 
many objectionable features. Some experts claim that there are 
advantages in having the border form a winglet, upon which the 
perforated sheet may be soldered. Sometimes the drum is simply 
made of sheet iron. 

The diameter of the old types of centrifugals was generally 750 
mm., and they could handle a load of 75 kilos of massecuite. The 
more modern centrifugals have diameters up to 1250 mm. and will 
hold 500 kilos of the crystallized product. By their use consider- 
able labor is saved. The height seldom exceeds 500 mm., for the 
reason that beyond this limit the product does not distribute itself 
over the entire surface of the drum. The surface of the mass then 
treated not being uniform, the color of the finished sugar will not 
be satisfactory. 

The total pressure, P, upon the sides of the drum during its 
working may be calculated by means of the formula Pate in 
which m=mass, v=circumference velocity, R=radius of the centrif- 
~ ugal, and g=9.81. It may be concluded that the centrifugal 
force is proportional to the mass, to the radius, and to the square 
of the number of revolutions. 

The mesh of the filtering sheets should be only of moderate 
size, being sufficiently close together to allow a free exit of the 
swing-outs. Advantages are found in placing between the drum 
and the filtering sheet a wire cloth with a rather larger mesh of 
about 6 to 8 mm. There must be a limit to the size of the mesh, 
as when taken too large the inner filtering surface wears too much. 

To facilitate the exit flow of the molasses, SroncKER ! places 
under the filtering sheets of centrifugals a perforated metallic 
cloth, bent over several times, so as to offer the fewest possible 
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points of contact with the inner filtering surface, which allows the 
swing-outs to escape freely. With the same idea in view, NEGRO! 
increases the number of holes in the drum. In this case the perfora- 
tions are conical in shape, being larger on their inner than their 
outer surface, and so arranged that their borders are all tangent. 
It is evident, under these circumstances, that no portion of the inner 
surface of the drum offers greater facilities for the syrup or molasses 
to escape than the other. 

For a satisfactory working in centrifugals the manner in which 
the metallic cloths of the revolving drums are perforated is of some 
importance. The filtering sheets are generally perforated plates of 
brass, the holes being conical in some cases, and the wider portions 
being on the outside. Sometimes preference is given to slits with 
outside enlargement. The most desirable dimension for these holes 
or slits should be determined at each sugar factory. There does 
not appear to be any special advantage in having conical holes. 
The main question is, the form and size of the holes or openings 
upon the interior surface. 

The holes or openings in the cloths should be as small as pos- 
sible within a reasonable limit, for if too small they will soon be 
closed by the crystals. These holes or slits are about one millimeter 
wide, depending upon the size of sugar crystals to be separated, 
and they must not be so numerous that the strength of the filtering 
sheet will be reduced. Many experts recommend that these sheets 
be rather thick, as they can thus stand very much more wear and 
tear. The metallic cloths formerly used had certain advantages, 
as the shape of the meshes prevented the crystals from presenting 
their flat surface, and thus clogging the passage of the syrup, but ~ 
their cost and short life resulted in their abandonment. For ex- 
ample, those of LIEBERMANN? are said to have been put aside on 
account of their price. They were made in a very ingenious way, 
in one piece without a seam, and consisted of helicoidal wires 
twisted into one another. The ends were joined by running a wire 
in and out through the open mesh. Massianon and DurFrourR 
estimate that the increase in yield was 3 per cent during the swing- 
out operation when these cloths were used. Preference seems to be 
given to brass for making the straining sheets. Copper has been 
experimented with, but was found to be too expensive and offered 
no advantage. 
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Great care should be taken to keep these filtering sheets very 
clean. Should they have cracks, some of the massecuite will escape, 
and the sugar crystals that would otherwise have been separated 
find their way into the after-product. The slightest defect in the 
sheet should be repaired without delay, using for the purpose a 
simple solder. The pieces thus forming patches may reach con- 
siderable size, and the space taken up by the soldering means so. 
much less filtering surface and forms so many dead spaces, as far 
as the efficiency of the apparatus is concerned. ‘The filtering 
sheets are always a fraction larger than the surface of the circum- 
ference of the drum. When put into position the ends should lap 
and be tightly attached, so that they will not get displaced during 
the rotation of the drum. 

The outer casing.—The outer casing of the centrifugal, as men- 
tioned in the foregoing, is either of sheet- or cast-iron, and for the 
larger types of apparatus as now used preference seems to be given 
to rather thick steel plates, which are a partial protection against 
explosions. Centrifugals for raw sugar have top covers only in 
very exceptional cases. It is necessary that the top of the outer 
casing project inward and form an obstruction, so that, if a solid 
substance should find its way into the interior of the drum, it would 
not be swung out during the spinning. When this construction 
is not adopted, the centrifugal man often slides his hand or the 
shovel down between the drum and the casing to find whether the 
swing-out is finished, for there will then be no after-product sep- 
arated. In the raw sugar centrifugal, steam is very seldom used. 
It may be advantageous to have a small steam pipe to heat up 
the massecuite if it has cooled and is difficult to work. The sep- 
arate after-product escapes through one or more openings at the 
bottom of the casing. 

The spindle.—The drum is generally wedged to the spindle by 
means of a conical attachment. The extremity of the spindle 
passes beyond the cone, and hasa nut that tightens the one against 
the other. In the more modern centrifugals there does not appear 
to be the same stress placed upon the attachment between the 
spindle and the basket as formerly. When the apparatus comes 
to a standstill, there is a very great twisting strain upon the spindle. 
If the stoppage is too sudden, and the basket or drum is not wedged 
tight upon the spindle, it simply keeps revolving. The spindle 
of centrifugals driven from above revolves in a bearing attached 
to the frame of the apparatus. In some centrifugals driven from 
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beneath, a bearing is fixed to the bottom of the outer casing, and 
holds the spindle underneath the drum, but most of them have 
more or less movable bearings suspended on large tightening 
bolts. Between the nuts and the frame are placed elastic buffers 
that give a certain elasticity to the spindle. Great care should 
always be taken to properly regulate the spindle or axis on which 
the drum revolves. It should be perfectly vertical, and all the 
nuts on the bracing rods should be tightened under the same con- 
ditions, so that there will not be the slightest oscillation in the 
motion. If one portion is tighter than another, there will be a swing 
in that direction which increases with every revolution of the basket. 
The lower bearing of the spindle is a delicate part of the centrifugal. 
The pivot should be convex and carefully made. If too flat the 
friction is excessive and the bearing gets hot. The metal upon 
which the pivot rests should be of a kind and quality determined 
by experience, and when worn it should be replaced without delay. 
This care results in a saving in the power needed to run the ap- 
paratus. All these parts must be properly lubricated, but, do 
what one may, there is always considerable wear and tear in the 
bearing. 

The brake used to stop the centrifugal frequently consists of a 
collar with leather or wood lining, which is pressed against a special 
crown fixed on the pivot of the apparatus. As a general thing, 
the collar consists of two jaws that are tightened by means of suit- 
able levers. MALANDER points out that this arrangement is faulty, 
for the reason that the pressure is generally greater on one side 
than it is on the other, and there follows a deviation from the 
vertical which always results in certain oscillations that are not 
desirable. Furthermore, one must keep up the pressure exerted by 
the brake until the drum has come to a standstill. 

For the top-driven centrifugals the Corsou brake is much liked, 
and with certain variations is used on most of these centrifugals. 
It consists (Fig. 154) of two jaws, A and B, with wood mountings; 
these articulate around the pivot, G. It is provided with a spring, 
F, that may be regulated by the nut #. The distance between the 
jaws is regulated by the handle D, The maximum spacing exists 
when it is open. In other arrangements the jaws are opened or 
closed by means of a screw. These brakes stop the revolving drum 
gradually. 

Several devices may be used to hold the levers of the brake in 
position after the pressure has been exerted, one of which is to 
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have a ring sliding on the levers. This is kept in position by pass- 
ing on a notch on the surface. In some cases the brake does not 
work on thespindle, but upon the outer surface of the drum. This 
has the advantage of doing away with the strain upon the spindle, 
but cannot be applied to all centrifugals. 

In the Frerrac! centrifugal there is upon the spindle a plate 
that rubs against a fixed plate which plays the réle of a brake. Oil 
is forced under the spindle, and, as this is raised up, the two por- 
tions of the brake separate and the centrifugal revolves. To stop 
the apparatus, the oil-feeding is discontinued and the plates are 
brought in contact with one another, their friction acting as a brake. 
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Fig. 154.—Corsou Centrifugal Brake. 


The oil thus forced into the bearing acts as a lubricant, after which 
it rises and lubricates other portions as well. 

For the linings of brakes preference is given to some soft wood, 
such as poplar, which answers the purpose very much better than 
hard wood. Its fiber should be placed lengthwise, for if placed 
vertically the resistance offered is so great that the pressure shoes 
take fire. Under no circumstance should this brake-tightening 
be excessive. | | 

Driving centrifugals.—Power is transmitted to the centrifugal 
by friction cones or belts, or directly from an electrical motor 
attached to the spindle itself. Of late years they have been driven 
by steam engines or by hydraulic power. The friction cones are 
generally on top, as shown in Fig.155. In this case the drum con- 
sists of a perforated sheet-iron cylinder fixed upon a vertical axis, 
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the upper end of which is the friction cone, C. The drum revolves 
in the interior of a cast-iron casing, with a bottom exit opening, O, 
for the escape of the swing-outs. The cast-iron frame is surmounted 
by an arch, A, holding the driving 
axis, H K, and the top bearing of 
the spindle D C. This spindle has 
also a brake, N. The cock, L, 
and the pipe, M@, are for the in- 
troduction of moist air, water, or 
steam into the drum. The belting 
on the fixed pulley, F, is used to 
start this centrifugal. The two 
friction cones are brought in con- 

== fe tact by turning Kk, and the spring, 
‘Ge =) G, keeps them tightly against. 
2 each other. This apparatus is 
brought to a standstill by turning 
K in the opposite direction and 
tightening the brake, N. These 
friction cones are made of compressed leather or cardboard espe- 
cially prepared or silicated. The disks are cut of different sizes, 
glued together, dried, and then turned on a lathe. The advantage 
of the silicated cones is that they are strong, and will withstand 
the hot and moist atmosphere of the centrifugal rooms. The 
starting of a centrifugal should be gradual,so as to obviate exces- 
sive wear of the friction cones. 

Suspended centrifugals.—Among the upper belt-driven cen- 
trifugals are many different types of suspended apparatus, such 
as the Weston, Hepworth, etc. Fig. 156 gives a general idea of 
the LarpLaw suspended, over-driven centrifugal, which is one of 
the numerous WrsTon varieties. The drum, d, is suspended to the 
girders, ee; a belt passing over the pulleys a and c does the driving. 
The trolley, b, does away with the fixed and loose pulleys. The 
basket of this centrifugal can oscillate within reasonable limits, 
so as to displace the center of gravity when the load is irregular. 
It thus finds the centre of rotation that is most suited to its spinning. 
The method of controlling the oscillation is made evident in the 
section of a spindle and driving pulley shown in Fig.157. Bis a 
bracket bolted to the upper beam that holds the spindle, S, and 
between the two is an elastic buffer, 7. The spindle itself does not. 
move, but at its bottom is the revolving bearing, F. It is enclosed 





Fie. 155. 
Top-driven Centrifugal. 
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in an outer spindle, andibetween the two there is an attachment 
bya pin. The elastic buffer;permits a slight swing, of which men- 
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rig. 156.—LarpLaw Over-driven Centrifugal. 


tion has been made. ‘The pulley, P, drives the exterior spindle 
holding the drum. The brake is the lower part of P. The space 


between the outer and inner spindles is filled with 
oil and needs no further lubrication. There is no 
vibration of either the apparatus or the floor. 

There are numerous ways in which this type 
of centrifugals may be suspended. The HipwortH 
type differs from the foregoing by a bearing for 
the lower end of the spindle connected with the 
outer casing. All these centrifugals are very simple 
in construction, and, needing no foundation, may 
be placed where other types could not be. The 
argument advanced by Fersca,! that they are 
not balanced, does not hold good, as shown by 
the above explanation. This authority also claimed 
that they were slow to set spinning and were not 
suited to powerful brakes. Whatever may be the 
reason, the fact remains that the suspended cen- 
trifugals have been used comparatively little in 
European beet-sugar factories. 

Under-driven centrifugals.—The under-driven 
centrifugals are generally placed in front of a 
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horizontal transmission, consisting of two pulleys, one fixed and 
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the other loose, over which runs the driving belt. This belt 
should be properly stretched, so that the greatest efficiency may 
be attained; but this must not be pushed to an excess, or the 
advantages obtained will not compensate for the wear on the 
moving parts, and, furthermore, an unnecessary oscillation of the 
drum results. | 

The views of experts respecting the centrifugal belting are 
most varied. For example, Toprtu! recommends that these belts 
have their smooth side turned on the pulleys,—in fact, that the 
pulleys themselves be very smooth. The best results appear to 
be obtained with comparatively narrow belts. It is claimed that 
by this means the slip is lessened. Satisfactory results? have been 
realized by placing the pulleys commanding the centrifugal at 
about the same elevation as the spring bearing, so that the line of 
application of the force and the point of friction of the axis in the 
bearing are upon about the same horizontal plane. The vibra- 
tions and shock produced when the machine is started are directly 
transmitted to the bearing, without influencing the drum, even 
when revolving at a considerable velocity. 

In the German type of under-driven centrifugals (Fig. 158) as 
made by the Brunswick Works, by means of a lever, a, and the 
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Fic. 158.—Brunswick Under-driven Centrifugal. 








fork, h, combined with the fixed and loose pulleys, the gearing 
is kept under control. When it becomes necessary, owing to an 
abnormal stretching of the belt, c, the tension may be increased 
by means of 7. In this centrifugal the axis is kept vertical and is 
balanced by the bolts, g. The brake is indicated at /. 


1 Oe.-U. Z., 21, 453, 1892; 457, 1892. 2D. Z. I., 26, 1549, 1901. 
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Electric driving.—Belt driving offers numerous disadvantages. 
It is responsible for certain accidents arising from the difficulties 
in handling the belting, so as to start the spinning at once. MUEL- 
LER’s! experiments show that the loss of velocity is between 1.5 
and 4.5 per cent when one or two properly stretched belts are used. 
Under certain conditions these losses are even greater. The con- 
clusion is that the efficiency of centrifugals varies with circum- 
stances, depending -upon the tension or stretching of the belting; 
furthermore, the cost of maintenance, which is frequently great, 
must be considered. Do what one may, there is always a slip when 
passing from the fixed to the loose pulleys or friction cones. 

DuFFNER? claims that there is every advantage in having 
a simple motor for a series of centrifugals, rather than an electro- 
motor for each centrifugal. In special cases, however, the latter 
system is essential. It may be admitted in general that there are 
greater advantages in having special motors for small centrifugals 
rather than for large ones, as the starting of the apparatus requires 
the maximum expenditure of force; too great a power is needed 
for a large centrifugal. This force is proportional to the square 
of the radius of the centrifugal drum. When several centrifugals. 
are working together the starting of one of the series is helped by 
the others, and the passage from rest to motion is accomplished 
under satisfactory conditions. The first cost of a series of centrif- 
ugals is comparatively much less than for a single apparatus. 

The weight of opinion at present seems to be to give a special 
electromotor to each centrifugal. Most of the recent investigations 
show that there are very important advantages in using motors 
with polyphased currents, although no argument can be advancea 
against the continuous current. There can be no doubt but that it 
is far easier to produce high voltage in the polyphased than in con- 
tinuous currents. As the work wasted through useless resistance 
of the lime and the motor is inversely proportionate to the voltage, 
the possible advantage of the polyphased current begins already 
to be evident. 

The sparks when they exist in the polyphased currents with 
carbons are far less objectionable than in the continuous-current 
mode. Furthermore, one of the great sources of difficulty with the 
continuous-current motor is that the rheostat is an essential ad- 
junct for the continuous regulating of the velocity, which depends 
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upon the central motive power. Experience shows that polyphased 
currents under like conditions retain their velocity, while with con- 
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Fig. 159.—Electrical Under- 


driven Centrifugal. 


tinuous currents the number of revolu- 
tions varies with the steam motor, and, 
furthermore, their regulation demands 
constant care. These currents will ap- 
parently sustain very much greater 
variation in power consumption than 
continuous currents, and they also per- 
mit the recovery of the moment of 
energy accumulated in the basket when 
brought to rest. This is an item of no 
small importance, and may reach con- 
siderable proportions in the case of large 
centrifugals. A certain proportion of 
the energy otherwise absorbed by the 
brake may be recovered by successively 


connecting the motor of the centrifugal with alternators in which 


the frequency is less than in the motor 
proper. With these combinations the 
other centrifugals of the series may be 
set in motion. According to Bruns- 
wick,! one may thus recover from a 
given type of centrifugal 36,000 kilogram- 
meters of a possible total of the 75,000 
accumulated in the rotating drum at the 
time the brakes were applied. 

To prevent mistakes when the brake 
is applied its lever is frequently used as 
a commutator, under which conditions 
itis impossible to put it in action without 
ungearing. In Fig. 159 is shown the 
arrangement for electrical driving for a 
Fresca motor. On the other hand, Fig. 
160 shows a type of German electrical 
driving as applied to the WxesTon centrif- 
ugal. The ALLGEMEINE-ELEKTRIZITATS- 
GESELLSCHAFT? of Berlin, attaches the 
motor directly to the spindle of the 
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Fie. 160.—Electrical Top- 
driven Centrifugal. 


suspended centrifugal, while the ‘‘stator’’ is also connected with 


1 Bull. Synd., 32, 688, 1900. 
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the same axis by the means of rings in which the spindle revolves. 
Under these conditions the motor and the stator in the electrically 
driven centrifugals may follow the swing- 
ing motion of the axis. In Fig. 161 is 
shown a French triphased electrical current 
centrifugal. The revolving drum is 1.250 
m. in diameter and 0.4 m. in height. It 
is wedged on the vertical spindle. The 
lower pivot rests upon a bearing surround- 
ed by a suitable protecting box. <A 
special lever permits a compensation in 
case of wear, and a collar placed at the 
bottom of this spindle assures its vertical 
position. On the spindle, underneath the 
drum, is attached the electrical motor, 
worked by a three-phase current hav- Ere tole (ei pase ler. 
ing a velocity of 900 revolutions per trical Under-driven Cen- 
minute. trifugal. 

The stopping and starting of this motor is effected by a tripolar 
interrupter, the working of which is combined with the brake. 
The motor is enclosed in a sheet-iron mantle, which may be readily 
taken apart in case of needed repairs. These centrifugals work with 
regularity and are easily run. The Caiu centrifugal has of late 
years undergone several modifications that electrical attachments 
might be used. The spindle has been lengthened, and the motor is 
a continuous current consuming 135 amperes at 106 to 110 volts 
for starting, and only 18 amperes when in full activity. These 
centrifugals make 1100 to 1220 revolutions. The brake and the 
commutator are attached so as to prevent mistakes. A rheostat 
is used in connection with this type. 

Other motors.—Direct driving of centrifugals has been studied 
for many years, either ordinary engines or special devices being 
used. Among the applications of this kind may be mentioned the 
BrotTHERHOop ! direct steam-engine driving. One difficulty which 
arises is the impossibility of having steam that is constant in pres- 
sure, etc. The Burraup direct upper-driving centrifugal has been 
quite extensively used in France. Numerous experiments have 
been made in applying hydraulic power to centrifugals, and the 
PELTON and other devices of the same kind have had numerous 
applications. 
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Centrifugals with turbines offer many advantages, as their 
foundations and installation are very simple and no account need 
be taken of the space needed for transmission. With these appli- 
ances a given velocity is not exceeded, this velocity depending upon 
the water pressure, which remains nearly constant. An objection- 
able feature is that they must be handled by regular rule and can 
not be forced in case of an emergency, as, for instance, if the swing- 
out operation should offer exceptional difficulties. Electrical 
motors, all facts considered, comply with all the requisite conditions 
and may be forced for a certain period. 

The hydraulic motors permit the starting of a centrifugal with- 
out sudden shock. Watson and Larpuaw! claim that they absorb 
less force than other centrifugals of the same size—3.58 H.P., as 
compared with 4.85 H.P. for belt driving and 5.91 H.P. in case of 
electrical driving. These centrifugals have exceptional advantages 
in case there is ample water power at one’s disposal. 

FREITAG’s? original idea is interesting, according to which the 
motive power of centrifugals can be obtained by the swing-outs of 
the centrifugal itself, which product is forced by a pump under a 
pressure of 10 atmospheres and sent through a series of injectors 
in the interior of a special turbine. That the swing-outs may retain 
the desired fluidity a slight steam injection is necessary on the 
exterior of the drum. The drum of the centrifugal has a conical 
sleeve that turns with it, and guides the swing-out into the receiving 
gutter. Under these circumstances the efficiency of the apparatus 
becomes greater. The special advantage of this centrifugal is that 
it may be rapidly put into motion, which is one of the essential 
conditions in order that the massecuite be homogeneously distrib- 
uted in the drum of the apparatus. 

Motor.—The force absorbed by centrifugals when in full activity 
varies from 2 to 6 and even 8 H.P., depending upon the weight of 
the load. When centrifugals are driven by belts the central 
motor should be equal to the work to be done, and have a heavy 
fly wheel to regulate their running. When these are suddenly 
started they may require as much force as is needed for five cen- 
trifugals during their full spinning, and this has a tendency to 
influence the running of the other apparatus. 

VIVIEN ? recommends that two valves be placed on the motors 


‘Watson and LarpLaw, Centrifugal Machines, 24, 1903. 
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of centrifugals, one inside and the other outside the factory, so 
that the centrifugals may be stopped from a distance in an emer 
gency. 

Emptying of centrifugals.—Most of the top-driven centrifugals 
used for beet sugar are emptied from the top, that is to say, by 
means of a wooden or metal ladle or shovel. The sugar is emptied 
into a hopper attached to a bag, into boxes, or into a mechanical 
carrier. At Meaux (France) aluminium shovels are used, and the 
mechanical labor thus saved is estimated at 16,000 kilogrammeters 
daily for each workman. This work is very fatiguing and could 
not be accomplished by such means with the large centrifugals 
now used. Every effort has been made to render the work easy, 
and bottom emptying has this object in view. 

The first European centrifugal of this kind was introduced by 
Fresca! in 1875. The drawing (Fig. 162) shows the arrangement 
as seen from the bottom, the openings, three 
in number, being represented by f. They 
may be closed by the parts d, which revolve 
around the pivot of the centrifugal, their 
movement being limited by the clicks, §e, 
and the grooves, v and w. “There is a 
hopper for each opening, f. The sugar falls 
into the carrier, and before the drum of ; 
the apparatus is filled with the load the '!- pi eeonern 

: umptying, 
openings are closed. 

In Fig. 163 is shown the arrangement for bottom opening as made 
by the Brunswick Works, Ger- 
many. In this case two flap 
valves, placed at the bottom of 
the centrifugal, open successively 
over a hopper, b, communicating 
. with the carrier. When the 
1 =< Spindle bearing is worn the pivot 
| : A ~<  may be lowered by means of a 
KG lever, 1. In the upper part of 
~ the casing there is a hole through 
| D’hRpquv which a peg may be placed, 

Fic. 163.—Bottom Flap Valve holding the drum in position so 

Emptying. : ee 
that its bottom opening will 
correspond exactly to b. Precaution must be taken to remove 
17, $9, 190, 1889. 
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the peg before. the spinning is resumed, as the drum or the 
outer casing could be deteriorated. RorsmeEr! proposes to over- 
come this difficulty by making the end of the peg of some soft 
metal which will break under abnormal strain and may be readily 
replaced. 

Periodic centrifugals.—Several times attention has been called 
to the power needed to set a centrifugal spinning and the energy 
lost when bringing it to rest. Efforts have been made to partly 
overcome the losses of power by filling and emptying during work- 
ing. This may be accomplished in two ways, either by periodic 
or by continuous centrifugals. In the Hamp. ? apparatus the drum 
is a truncated cone, the larger diameter being at the movable bot- 
tom, and may be removed when the swing-out operation is finished. 
The sugar is projected downward into a hopper connecting with 
the carrier. The bottom is then replaced and another load is intro- 
duced without the spinning ceasing or changing its velocity at all. 
The bottom is lowered and adjusted by means of levers. There are 
numerous types of these periodic centrifugals, but few of them 
have been introduced into practice. 

Continuous centrifugals.—The first attempts at continuous 
centrifugals were those of Styria? in 1850. While the method 
did not meet with much favor, numerous inventions having the 
same object in view have since been made, but the problem has 
not yet been solved. The SzczENrIovsKI and PIONTKOVSKI#, 
continuous centrifugal is the only one that has been used to any 
extent (Fig. 164). It consists of a perforated sheet-iron conical- 
shaped drum, cc’, covered with a metal filtering sheet. The masse- 
cuite is emptied into it by means of an endless screw, and the feeding 
pipe, a, entering the drum through the bottom opening, b. The 
centrifugal force compels the mass to rise along the sides, cc’. A 
distributing plate, e, equalizes the product, forming a uniform 
thickness of 2 to 5cm. During its upward movement the molasses 
are more and more separated, and are projected against the outer 
casing, K, running out through the openings, h and 2. 

The sugar separated gets nearer and nearer the upper edge of the 
drum, in fact it has a tendency to fly off too rapidly. To prevent this 
there is an upper ring, d, which revolves at the same velocity as 
the drum, but is independent of it, and which is the regulator of 


1D. Z. I., 26, 852, 1900. *Z., 1, 58 and 395,1851. 
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the apparatus. The relative position of the ring and the drum 
is made to vary by means of a conical gearing, rs, that raises the 
spindle. The cured sugar is projected into a trough, /, in which a 
carrier revolves. This centrifugal is driven by a pulley, w, and can 
be readily lubricated. The drum of this apparatus originally had a 
velocity of 410 revolutions per minute, but this was increased to 









cS OY 
feet SRY 
ESOS 






Li 





Li 





a 


Ww o_o 
<CUIIa r 
sie 


\ 


INN 


t 
Fig. 164.—SzczENIOVSKI and PIONTKOVSKI Continuous Centrifugal. 


470. Itis claimed that a machine of this kind has the same prac- 
tical efficiency as seven ordinary centrifugals. 

Practical considerations.—Raw sugar is obtained by the simple 
swing-out of the massecuite. The greater the charge the larger 
will be the quantity of raw sugar obtained during a given period 
of working, as considerable time is always lost in starting and 
stopping the apparatus. According to Tose.,! the time that 
the centrifuging lasts decreases proportionally with small loads; 
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but, on the other hand, the time lost in starting and stopping is 
proportionally greater in small than in large appliances; so, upon 
general principles, it may be said that the efficiency of a large 
centrifugal is greater than that of a small apparatus. Centrifugal 
of 750 mm. diameter have a velocity of 1000 to 1200 revolutions 
per minute and receive a load of 60 to 80 kilos of massecuite. The 
large types, having diameters of 1.100 to 1.250 meters and making 
700 to 1000 revolutions per minute, receive loads of 150 to 500 kilos 
of massecuite. 

The practical handling of a centrifugal is about as follows: The 
starting is comparatively slow; when the casing has an upper cover 
it is put in position; steam is injected into the drum and when the 
exterior casing 1s warm and there is no longer any danger of cooling 
off the mass against the sides the cover is removed. The speed 
being very low during the filling from suspended cars or hoppers the 
load is well distributed over the drum. For other massecuite carriers 
the centrifugal must be brought to rest while filling up to a certain 
height, after which the apparatus is set spinning and the mass rises 
along the sides of the filtering surface. Efforts should be made to 
have the thickness of this layer very regular, and this will not be 
the case if the drum is too high, for then irregularities always exist, 
and the product being thinnest on top, the lower layer is not as well 
cured as the upper. This condition is plainly shown by the differ- 
ence of color in the final sugar at the top and bottom of the drum. 

In some portions of the product the syrup continues to adhere 
to the surface of the crystals. The slower the starting the less 
tendency there will be for the sugar crystals to pack against one 
another and close some of the perforations of the filtering sheet, 
which always results in a reduced efficiency. As the operation 
progresses the massecuite changes in color, becoming brighter and 
brighter as the after-products are more thoroughly separated. 
In most European beet-sugar factories, where the raw sugar stan- 
dard is about 88°, the swing-out continues until a standard tone 
of color is obtained. With a certain amount of experience this de- 
termination is not difficult. In large centrifugals the inside and 
outside intensity of color is very different. Upon general prin- 
ciples, it may be said that the curing takes from 2 to 10 minutes, 
depending upon the size of the apparatus and the size of the grain. 
In that time nearly all the syrup has been separated from the crys- 
tals, and the centrifuging is finished when no more of the swing- 
out passes the filtering sheet. 
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If a massecuite contains considerable mother liquor it may 
appear very fluid and yet in reality be viscous, in which case the 
syrup adheres to the crystals very tenaciously. Spraying with 
water is then necessary, but should be done very sparingly. Final 
steam spraying gives the ideal color for 88° sugar. The application . 
of the brake should be gradual, for reasons explained in the fore- 
going. With certain massecuites the sugar separated and adhering 
to the filtering sheet falls of itself as soon as the spinning ceases 
while in other cases it must be detached with shovels or ladles 
In order that the sugar of the load may have a uniform color it is 
generally mixed in the drum before being removed. The bottom 
emptying valves are then opened and the product falls into the 
sugar carrier, while in the case of overhead driving it is shovelled 
out. For this work only very robust men should be employed. A 
centrifugal is a very dangerous apparatus in careless hands. It is 
most important that it should be kept very clean, otherwise serious 
sugar losses result, and all the moving parts should be well lubri- 
cated. 

Perturbations.—When the first-grade massecuite has been 
properly grained and worked no difficulty can possibly arise in the 
separation of the crystals and the after-products. The swing-out 
is then one of the simplest and easiest operations of all the manipu- 
lations in extracting sugar from the beet. With a massecuite of 
satisfactory quality the after-product is separated from the crystals 
before the centrifugal has reached its maximum velocity. Evi- 
dently less syrup adheres to the upper layer of the crystals than to 
the portions coming directly in contact with the perforated metal- 
lic covering on the drum; however, the difference is not very great, 
and during the emptying and carrying the sugar is sufficiently 
mixed. 

When the massecuite swing-out is not readily accomplished 
the spinning at a maximum velocity should continue for a longer 
period. Even then a considerable amount of the after-product 
still adheres to the sugar crystals, a condition which it is difficult 
to overcome in the centrifugal, at least without considerable loss 
It is better to prevent than subsequently correct such irregularities. 
The faulty swing-out is generally due to false grain, which forms 
when the crystallization process has been badly managed. There 
are, however, other causes of this difficulty, among which may be 
mentioned the viscosity and the froth which may form during 
the agitation of the mass. 
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False grain.—It does not necessarily follow that because false 
grain has been produced during the strike the curing will be diffi- 
cult. If the false grain has had time to grow to a reasonable size 
the swing-out offers no difficulty; the reverse is the case if the false 
grain has been produced toward the end of the graining in pan 
or during cooling. 

False grain under the influence of the centrifugal motion will © 
deposit upon the surface of the large crystals. From the masse- 
cuites that are difficult to handle in the centrifugal there is de- 
posited a layer of sugar, more or less freed of its adhering syrup, 
then a layer of false grain, the particles of which stick together, 
and on the outside molasses which have been unable to penetrate 
the mass. When one has to contend with these inferior massecuites 
the best thing to do is to dissolve the false grain in the crystallizors, 
or the mixers, by adding a highly heated after-product, or to 
thoroughly dilute them. If this is done with care there need be no 
apprehension that too much sugar will be dissolved at the expense 
of the large crystals. 

The facility of working the grained product in the centrifugal 
depends upon the quantity of false grain present and its degree of 
fineness. All massecuites contain a certain amount of these small 
crystals, which fact is made evident by examining the product 
under a microscope. The curing of massecuites of this kind always 
occasions considerable loss of time, and certain precautions should 
be taken, such as submitting the contents of a crystallizator to a 
trial in a centrifugal several hours before the time for curing. If 
found difficult to handle it should be worked on at once. In this 
way the regular running of the factory will not be disarranged. 

The only way to overcome this difficulty, when handling poor 
massecuites, is to use live steam in the drums of the centrifugals, 
which will necessarily dissolve a certain amount of sugar through 
dilution and reheating of the mother liquor. Instead of introducing 
live steam into the drum of the centrifugals it is preferable to use 
it between the drum and the metallic cloth covering; the steam 
then has a slow and more regular action, under which circumstances 
too many of the larger sugar crystals are not dissolved. By this 
method of working the loss of sugar is greater than it is with knead- 
ing appliances or in the crystallizors. ) 

Viscosity.—The viscosity may arise from many causes, such as 
excessive tightening during graining or too sudden a cooling of the 
product in the crystallizators. MALANDER points out that the 
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general aspect of the swing-outs gives important indications as to 
the difficulties that must be overcome during curing. If the load 
of massecuite introduced into the centrifugal is too hot the syrup 
adhering to the crystals may at first be readily separated; but as 
the curing continues the crystals may pack on one another. The 
cold air from the room passes through the mass of sugar already 
separated, drying it and resulting in a great adherence of the 
after-product to the crystals. 

Care should always be taken to prevent the cooling of the 
crystallized mass below 50° C., for the reason that at a low tem- 
perature the viscosity of the saturated solutions, and more of the 
supersaturated ones, will increase considerably. It is for this rea- 
son that cooling during the interval of the passage from the crystal- 
lizators to the centrifugals is always followed by complications 
during the swing-out, and should, therefore, be avoided as far as 
possible. It is difficult. to complete a sugar campaign without some 
trouble with the massecuite in the crystallizators. When pos- 
sible the product is diluted and the viscous condition is thus ob- 
viated; but when the difficulty is due to viscosity alone heating 
helps to overcome the difficulty. If this cannot be done in the 
erystallizators a certain quantity of diluted hot after-product 
may be added, thus lowering the degree of supersaturation. 

Frothing.—-Frothing occurs generally when the massecuite only 
half fills the mixing refrigerator. It is evident that frothy masse- 
cuites are difficult to swing out in centrifugals, as the frothy syrup 
attaches itself to the sugar and forms a viscous pellicle on its sur- 
face which the centrifugal force cannot remove. 

Swinging.—However carefully a load in the centrifugal may 
be handled there is always some swinging occasioned by the fact 
that a greater volume of the product being worked collects at 
one spot, thus changing the centre of gravity of the drum during 
its spinning. As allowance is made for this by the use of elastic 
buffers connected with the spindle, the swinging will increase as 
the centrifuging continues and will reach a point when even the 
outside casing is knocked by the revolving drum, causing danger 
of an accident. Of late years this difficulty is not so great as 
formerly, as the modern centrifugals are more strongly built and 
have outer casings of steel. 

When the indications are that the product will be difficult to 
handle in the centrifugal, steps should be taken to prevent accidents. 
The attendant keeps the centrifugal under control until it reaches 
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the normal number of revolutions by maintaining it with a wet 
cloth placed on its upper border, thus preventing the shock of the 
drum against the outer casing. The Fresca mode for preventing 
the swinging is interesting (Fig. 165). The bottom, b, is shaped like 
_ a hood, d, and is attached to the spindle, ¢, 
la by a disk, g, with conical sides, 7, the whole 
: being tightened by means of the nut, n. 
The regulator consists of a series of washers, 
l, separated by the plates, k, which, owing 
Z to the inertia, tend to place themselves 
ae eA in a position opposite to that of the spindle’s 
slant; and the displacement of the centre 
of gravity then no longer exerts ne influence. The nut, m, holds 
the rings, J, in place. 

Explosions of centrifugals——When centrifugals were first in- 
troduced into sugar factories fatal accidents were of frequent oc- 
currence. They are now the exception, but are still possible from 
the wearing away of the sheet iron of the drums, or from too high 
speed due to the motor being out of order. Excessive loading is 
difficult to prevent, and yet it may cause the death of the person 
in charge. MuveELLER! points out that the drums may last 30 
years or they may be entirely worn out after four campaigns. ‘The 
rivets at the bottom of the drum soon wear out, and the different 
parts should be repeatedly inspected. | 

SCHNIRCH? points out that in centrifugals used in a refinery 
the thickness of the side of the drum was lessened 13.59 per cent 
after one year, it being supposed that its original thickness was 
5.74 mm. This same authority maintains that rust is largely re- 
sponsible for these changes. Eaarrs? recommends, in case the 
perforated sheet iron of the drum becomes big-bellied, forcing a 
hot ring, having a section of 16X40 mm., over its outer surface, 
which will render it more resistant. The outside casing of the cen- 
trifugal may also become corroded, but this is of very little im- 
portance. 

Velocity of centrifugal.—The safety in handling a centrifugal 
depends also upon the velocity at which it is spinning. Braun has 
‘constructed a very simple contrivance (Fig. 166) for determining the 
velocity of a centrifugal, which consists of an inverted glass bulb 
filled with glycerin. If the bulb receives a rotary motion the 
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meniscus will assume an elongated form, the apex of ee will 
vary in relation with the centrifugal velocity. <A 
graduated scale on the outside of the glass, 
determined by experiments, gives exactly the 
number of revolutions made. | 

By altering the conditions of the load and 
the velocity of centrifugals the danger of acci- 
dent, as previously pointed out, is very much 
lessened. According to ‘TosrELu,’ when the 
velocity is reduced from 1000 to 900 the 
efficiency is lessened by 5 per cent, but the 
safety coefficient is increased by about 23.5 
per cent. Reducing the load does not bring 
about the same results. By decreasing the 
load 10 per cent the efficiency falls 5 per cent, 
but the safety coefficient does not increase by ,,,, 
even 10 per cent. 





Fic. 166. 
city Indicator. 
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CHAPTER IV. 
TRANSPORTATION AND STORAGE. 


THE Kretsz carrier, spiral carriers, horizontal belting, vertical 
chain-pocket elevators, linen oblique-pocket elevators, boxes, and 
small cars are used for the transportation of sugar. 

The Kreisz carrier (Fig. 167) consists of a suspended trough, a, 
supported by slanting and flexible blades, b, which receives a series 
of shocks in the direction of its length by means of a connecting 
rod, c, set in motion through the pulley, d, and the belt, e. Asa 
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Fic. 167.—Schema of Kreisz Sugar Carrier. 






general thing, the number of shocks received by this carrier is 
from 200 to 300 per minute, and at each vibration given to the 
gutter the sugar moves forward. Under certain conditions, as 
when the sugar is very viscous and has been difficult to handle 
in the centrifugals, the transportation may be troublesome. The 
appliance under consideration is very widely used, for the reason 
that the sugar crystals are not broken as in spiral carriers. The 
latter consist of a spiral revolving in a sheet-iron trough, which 
frequently has its inner surface enamelled. This reduces the fric- 
tion against the sides, there is less tendency to stick in the case of 
viscous products, and the apparatus is readily kept clean. 

Belt carriers may be said to be unsuited for sticky sugars, and 
their use is'mainly confined to the transportation of white sugar. 


Generally the sugar must be raised to the sifter, and for this pur- 
332 
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pose pockets mounted upon Ewart chains are used. While these 
are of satisfactory efficiency they crush the sugar between their 
links. The dust created by the falling down of the sugar sticks 
between the links of the chain causing it to stretch and lessening 
its flexibility, so that there is danger of rupture. Hence it should 
be cleaned as often as possible. 

To prevent the sugar dust from escaping this elevator is enclosed 
with boards. In certain beet-sugar factories bag cloth is used for 
covering, which retains the dust and at the same time permits 
cool air to enter. The oblique linen pocket elevators are used 
mainly for white sugar. These lifts or elevators should be kept 
running and fed with regularity. Their efficiency must under all 
circumstances be known in advance, that all the centrifugals be 
not emptied at the same time. 

Sifting.—Sugars upon leaving the centrifugals are not homo- 
geneous in appearance. In most cases they contain lumps of 
sugar, etc., which may be separated by sifting, provided they are 
sufficiently large to be retained by the sieve. When they have 
been removed they may be remelted and added to the juice in 
some phase of its working. If allowed to remain they would very 
much depreciate the market value of the product from the refiners’ 
standpoint. 

The Stroutc-Kapa (Fig. 168) sifter and classer is fed by a large 
spiral elevator, A, that empties the sugar into the hopper, B, from 
which it falls into a small distributing spiral, a. The first mixing 
begins in the spiral, A. The sifter, C, consists of a truncated hexag- 
onal pyramid around which a steel wire is wound. The sugar 
enters this sifter by the smaller end, and, owing to the slant and 
direction of the generatrix, travels the entire length of the appa- 
ratus distributing the sifted sugar into two hoppers, from which 
it falls into small cars. At the end of the sieve are slanting laths, D, 
which force all lumps, etc., to escape from the apparatus into the 
disintegrator, E. 

The May! sifter also consists of a truncated pyramid made up 
of metallic network. In the lower portion of the rotating sieve are 
two rollers intended to crush the lumps, which then again fall into 
the sieve. The spacing of these rollers is regulated by springs 
which act when the pressure reaches a given limit. 

When high-grade sugars are worked, they are very readily sifted 
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through any system of sieves. On the other hand, if the sugars 
are moist and only of 88° polarization, owing to their viscosity, 
certain difficulties arise. For these sugars the joggling sieves, 
and those on the drums made of wires wound around, their inter- 
sections being kept open by the use of brushes or some other de- 
vice, give the best results. As the viscosity of sugars increases 
with cooling, the sieve should be arranged so as not to permit cold 
air to be brought in contact with the product during the bolting 
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Fic. 168.—Stoitc-KaBa Sifter. 


process. The size of the mesh of the metallic bolting cloth depends. 
upon the nature of the sugar to be sifted. In small beet-sugar fac- 
tories the sifting is done by simply shovelling the sugar on to a 
slanting sieve, but this demands considerable labor. 

Before the sugar is put into bags it should be thoroughly mixed, 
because the product obtained from different strikes, even in the 
same factory, may have a very dissimilar quality and aspect. 
High buildings are essential for these varied sugar manipulations,. 
for then the product may fall from floor to floor through special 
openings adapted to the purpose. The mixing of sugars of the 
several strikes is done as the descent progresses, and one is able 
under these conditions to obtain any shade of color that the trade 
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may demand. During the fall, the sugar crystals should be kept. 
well apart, so that they may be thoroughly cooled before the sack- 
ing commences. When handling warm sugar, cold currents of air 
should be avoided, as these would cause the surface of the sugar 
to cake. 

Warehouses.—After its final treatment the sugar is carried to 
the warehouse either in bags or loose. Under no circumstances 
should sugar be put in warehouses while still hot, for the tempera- 
ture would then still further rise in the mass, and as a consequence,, 
at the centres where this heat is produced, the color of the sugar 
becomes darker, its alkalinity drops, and a certain amount of sugar 
is inverted. These phenomena correspond to special oxidations, 
resulting in the formation of certain non-sugar substances. When 
the sugar is still hot after the sifting, it should be collected in small 
piles so that it may cool, and then only be placed in bags. 

The GrEeDINGER! appliance, for the preliminary cooling of sugars 
before being stored, consists of a vertical cylinder with a revolving 
central axis, to which are attached arms, forcing the sugar to fall 
vertically on a series of conical shelves; cold air is forced in by a 
ventilator from the bottom. The sugar, when reaching the extreme 
lower level, falls upon an oscillating sieve. 

In factories that do not have the advantage of upper floors, all 
the mixing must be done by hand. The product is emptied from 
the cars onto the floor in piles and is mixed with shovels. This. 
necessarily means a considerable increase in the cost of working, 
and demar ds great cleanliness during each stage of the manipula- 
tion, or serious sugar losses may follow. The men work bare- 
footed, so as not to crush the sugar. The shovels used should be 
scraped and kept clean, which may be thoroughly effected by 
dipping them into the hot juices of the first carbonating tanks. 

Numerous devices have been proposed for putting the sugar in 
bags, and among them mention may be made of that of KUENNETH 
and KNOECHEL, consisting of a hopper, which contains a flap 
valve working on a pivot. By pushing a lever, the exit flow of 
sugar into the bags is regulated. One man is amply sufficient for 
the work. In most factories there is simply a hole in the floor cor- 
responding to the top of a hopper, and at the other end is a sack 
cloth reaching within about one meter of the ground. When the 
bag is full, the cloth is simply pressed and the feed from the hopper 
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ceases. To keep the hopper constantly filled demands several 
hands on the upper floor and several below, at least twelve persons 
being needed to carry on the work rapidly. Among these hands 
are two women, who constantly sew the bags, and two men for the 
weighing. It is possible, under these ‘conditions, to fill 150 bags 
per hour. 

The bags, subsequent to their weighing, are carried on barrows 
to the adjoining room, and are there stood side by side and sewed 
up, after which they are placed in the storeroom. In case this is 
on another floor, the bags are pushed down boards placed at an 
angle of 45°. After a time the boards will have a high polish, and 
the sliding will be correspondingly easier, unless the bags are wet, 
in which case a small quantity of sawdust sprinkled over the sur- 
face will help to overcome the difficulty. On the other hand, if 
the sugar has hardened in the bags, the shock is so great, when the 
destination is reached, that the sack breaks open. A small quan- 
tity of molasses placed on the surface of the plank acts as an arrestor 
_ during the sliding. Care should in all cases be taken to get rid of 
all the old bags. After they have been returned from the refinery 
they are washed, mended, and put to one side in bundles of twenty- 
four, the twenty-fifth bag being used as an outer casing for the 
others. Sometimes there are automatic counters on the sliding 
boards, consisting of a small clamp projecting on one side, against 
which the bag knocks: during its descent. This arrangement is 
objectionable in that it records the passage of any and every thing 
sliding down, and therefore it is better to count the bags in the 
usual way. 7 

It is desirable that, as far as possible, the walls of the ware- 
houses should not be subjected to excessive pressure. Their thick- 
ness should depend upon the weight to be supported, and they should 
be properly braced. When sugar is stored in bags, special precau- 
tions should be taken to prevent them from touching the walls, 
and to pile them up as is done with bricks, that is to say, alternately 
in longitudinal lines and lengthwise, so that the pile will form a 
closed mass, and no extensive tumbling will take place when some 
of the bags are removed. 

Sugar warehouses should be cool and dry. In all cases care 
should be taken not to store the product over a hot room, or where 
it may come in contact with hot, moist air. In overheated rooms 
the sugar would dry and lose weight, and, furthermore, it would be 
more difficult to refine, as the syrup upon the crystals would become 
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more viscous. In damp rooms, on the contrary, sugar will draw 
upon the water, and become so moist that the resulting syrup may 
run from the crystals and micro-organisms may develop, resulting 
in inversion. In a cool and dry warehouse no changes of this kind 
take place if the sugars have been properly handled in the centrif- 
ugals, even when they have a polarization of only 88°, as the syrup 
is viscous at low temperatures, owing to the supersaturation, and 
remains on the small crystals as a pellicle. 

In some cases, as previously pointed out, the sugar is simply 
piled up on the floor of the warehouse, but even then it should be 
properly cooled. When this mode is adopted, the cars containing 
the sugar are counted, and subsequently pushed to the room where 
they are unloaded. Experience shows that this operation is fre- 
quently neglected, and the result is that the weight recorded is 
seldom exact. The weight of the sugar in a warehouse cannot be 
determined by measuring its volume, because the specific weight 
varies very much with the size of grains and crystals, and also with 
the nature of the raw sugar and the height of the piles. With a 
view to save labor, the sugar, being taken to warehouses, is emptied 
into the cars from centrifugals, or falls through suitable holes into 
the gutters of the carriers. 

The warehouses should always be dry and have constant tem- 
perature, and the walls should have an interior plank covering. 
It is admitted that one cubic meter of sugar weighs about 900 kilos, 
and this relation is used in calculating the strength of the girders, 
although it is only approximate, as there are many factors to allow 
for, such as the size of crystal, moisture retained by the sugar, etc. 

Standard raw-beet sugar.—Raw sugar is made up of crys- 
tals and adhering syrup under very much the same condition as 
exists in the massecuite. The essential difference is, that there is 
less syrup than in the grained product, the composition of the syrup 
being identical in the two cases. The different polarizations of raw 
sugar that may be obtained from a massecuite depends upon the 
duration of the swing-out and the quantity of syrup still adhering 
to the crystal surface. CLAASSEN says that, in a massecuite, for 100 
parts of crystals there.are 30 to 60 parts of syrup, depending upon 
the method of graining; but in the raw sugar there are only 6 to 
12 parts. The average thickness of a layer of syrup upon the 
crystals is, for sugar of 92° polarization, 0.01 to 0.015 mm.; and for 
sugar of 80° polarization, about 0.015 to 0.02 mm. 

The question as to whether it is more advantageous to produce 
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a high rather than a low testing sugar depends upon the prices in 
the local market. The advantages and disadvantages of working 
sugar of a given grade depend upon a series of factors, such as the 
current prices upon the market and the degree of refining yield. 
If one accepts the CLAASSEN calculations, there is an advantage in 
producing sugar with high polarization when an increase of 1° of 
polarization is paid with an increase of one per cent in the price. 
That is to say, if sugars yielding 88 per cent refined are selling at 
3 cents per pound and the price rises 0.03 cents for sugar at 89°, 
then there is an advantage in increasing the quality to 89°. In 
order to produce better sugar, more centrifugals are required, and 
the quantity of after-products to be worked is increased, and it 
remains to be determined whether the installation of the sugar 
plant will permit this supplementary work. 

The quality of raw sugar, that is to say, the facility with which 
it allows itself to be transformed into an article of consumption, 
does not depend upon the yield, but upon its exterior properties 
such as brilliant, well-formed, and regular crystals, white in color, 
and with an adhering syrup that is not too viscous, and that is freet 
as far as possible, from many small crystals. For the manufacture, 
of certain products, there is a demand for very large crystals. I, 
would be rational that all these factors should enter into the selling 
price of sugar upon the market. The purchase based upon the 
polarization and ash percentage does not correspond to the actual 
conditions, for the reason that the yield of refined sugar does not 
depend only upon the ash, but also upon the organic non-sugar, 
and also upon the nature of this non-sugar. But all proposals to 
introduce some plan giving an accurate valuation of raw sugar 
have failed, because the methods of analysis employed are not 
reliable. The consequence is that,as the examinations based upon 
the polarization and ash apply to the commercial requirements, 
they continue to be used. 

Color of sugars.—A high-grade raw sugar, from which may 
be made an article ready for consumption, should always be ob- 
tained with superior beet juices when the operations of sugar 
extraction have been looked after with all the care and detail that 
modern science and observation prescribe. Raw sugars that were 
difficult to handle in the centrifugals never give satisfaction when 
refined. Their color does not always furnish a basis for estimating 
quality. Notwithstanding the fact that general preference is given 
to a light sugar, one should consider whether this clear color is 
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natural or the outcome of some chemical treatment. Furthermore, 
the coloration of the syrup, upon which that of the sugar depends, 
has far less importance than that of the crystals, and the latter 
are frequently found whiter in dark sugars, that is to say, in crystals 
that are surrounded by a dark syrup, than in brighter raw sugars. 
When the sugar crystals are not perfectly white, a slight yellow 
hue is less objectionable for refining than a gray coloration, because 
this yellow color may be more readily removed with boneblack, 
and may be hidden with marine blue, giving a pleasing and more 
soluble product than is possible with gray sugars. 

Kouuer ! claims that the red coloration of certain sugars is due 
to ferric salts. On the other hand, Frank? maintains that the red 
coloration of certain sugars has its origin in mushrooms having 
spores (Saprolegniacez or Chytridiaces), the protoplasm of which 
when dead will contract and turn red. CLAASSEN says that the 
gray coloration is due to a small percentage of ferric salts in the 
juices, which is the outcome of poor saturation. Jron salts become 
dissolved and remain in the solution when the saturation is not 
sufficient, and lime saccharate also continues to exist in the solu- 
tion. Carbonatated juices that remain acid will always contain 
iron, and the raw sugar extracted frequently is handled with great 
difficulty when a perfectly white product is desired. The presence 
of sulphuretted hydrogen in the saturation gases will, as a general 
thing, cause a gray coloration, possibly due to the formation of a 
small quantity of sulphid of iron, which remains dissolved in the 
saccharine juices. 

According to Herzreip,? the acid juices (acidity indicated by 
the phenolphtalein) will dissolve iron from the appliances in which 
they circulate. This iron may be for the most part precipitated by 
sulphuring and carbonatation, provided the alkalinity is not low- 
ered beyond a specified limit. For the same reason, a low tempera- 
ture during defecation will influence the aspect of sugar. Munimr 4 
attributes the gray coloration to the presence of sulphids, which 
may be formed by the presence of sulphuretted hydrogen in the 
carbonic acid gases, and also by the decomposition of albuminoids 
contained in the juice. ANpRuIK and Stanek 5 claim that the gray 
color of sugar is due to ulmic acid. 


1D. Z. 1., 20, 864, 1895. *D. Z. I., 20, 1743, 1895. 
2? La. 8. B., 20, 65, 1891. 5B. Z., 19, 502, 1895. 
37, 46, 1, 1896. 


340 BEET-SUGAR MANUFACTURE. 


Shape of crystals.—The shape and other characteristics of a 
sugar crystal not only depend upon the quantity, but also upon 
the nature of the non-sugar. The properly limed and carbonatated 
juices yield harder and more regular crystals than juices that have 
been submitted to a poor defecation. Given equal purity of the 
juices, the sugars obtained at the beginning of a campaign with fresh 
beets are always of better grain than those obtained with siloed 
beets at the end of the season. Certain calcic salts, mainly those 
that accumulate when working by the processes used in sugarateries, 
appear to have a special influence upon the crystallization. All 
sugars obtained from such juices, and especially those from after- 
products, are always needle-shaped and very pointed. 

Alteration of sugars.—Most authorities agree that the darker 
portions of raw sugars are found in those centres of highest tem- 
perature where there is the least ventilation and the piles are the 
highest; hence the importance of thoroughly cooling the sugar 
before putting it into bags, and of never piling these up beyond a 
certain limit. THreL! denies the bad.influence of heat. It has been 
noticed that it is mainly the inner surfaces of layers of sugar that 
change color. When the juices have been submitted to an excessive 
sulphuring, it may be noticed that their light hue disappears and 
they become very much browner. This led to numerous discus- 
sions when the StrerreN-DruckER mode of working appeared. 
The real cause is difficult to explain. 

A good raw sugar should be possessed of certain keeping powers; 
this requires an alkaline sugar free from germs, which have an 
inverting effect upon the syrups. Raw sugars, when kept in ware- 
houses for any length of time, undergo a retrogradation in their polari- 
zation. Much has been written on this subject. In 1880 Garon? 
called attention to the important fact that sugars during storage 
lost their alkalinity, and at the same time certain reducing sub- 
stances were formed. Even at that time alkalinity was thought to 
play a most important réle in the question of the keeping quali- 
ties of sugar. — 

STROHMER’S? observations were upon sugars made by several 
processes: First, made with considerable boneblack; second, with 
very little boneblack; third, without boneblack, but with sulphur- 
ous acid; fourth, sugars made without either boneblack or sul- 
phurous acid. Some of these sugars were kept in closed glass jars, 
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and others in bags stored in wet and dry places. These experiments 
showed that raw alkaline sugars had the best keeping qualities. 
Inverted sugar appears as soon as the alkalinity decreases or dis- 
appears. The product kept in glass jars remained the longest with- 
out undergoing a change; that in bags, when kept in damp places, 
underwent the greatest change. In all cases, when changes do 
occur, they may be attributed to fermentation. It does not matter 
by what process the sugar is obtained if the alkalinity is equal to 
0.033 per cent of lime. 

The conclusion reached is, that the changes in sugars during 
their keeping are not due to chemical decomposition, but to the 
activity of vital organisms.. It must not be forgotten that it does 
not necessarily follow that, because an excess of alkalinity exists, 
sugars will have keeping qualities. 

Dr. von LippMANN! called attention to the fact that sugars 
are frequently kept for ten months, and that those which were 
found to be alkaline by the phenolphtalein test undergo no change; 
the contrary is the case for sugars found to be neutral or acid by 
this test. Orro? strongly urges that in beet-sugar factories the 
phenolphtalein test be used, as very gray sugars have frequently 
been obtained with juices that showed a high alkalinity when 
tested with rosalic acid, but not with phenolphtalein. Furthermore, 
he advances the theory that, when the alkalinity is very low, it has 
an influence on the texture, nerve, and fibre of the sugar extracted. 
On the other hand, Herzrenp’s? experiments show that a high 
alkalinity is no indication of the keeping qualities of sugar. The 
sugar must be free from micro-organisms, for if they exist their 
ravages continue notwithstanding the alkalinity. 

Koypu# insists upon it that neither the inverted sugar pro- 
duced during keeping or the alkalinity give an exact idea of the 
changes that occur when sugars remain in warehouses. The first 
change is the inversion, and, owing to the reducing characteristic 
of the invert sugar, an acid is formed. This portion of the phe- 
nomenon is much more rapid with an excessive alkalinity, and in 
such cases the sugar decomposition is as great as when the standard 
alkalinity exists. On the other hand, in sugars of low alkalinity 
the invert sugar present undergoes very little change. Sugar de- 
composition, however, always increases with the period of keeping. 
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JessER! points out that the chemical composition of the non- 
sugar exerts no influence on the keeping qualities of sugar. If the 
changes that occur vary with the grade and nature of the product, 
this can alone be attributed to the action of micro-organisms. 
The formation of reducing substances is less when sugars are 
alkaline; but this alkalinity is finally neutralized if the micro- 
orzanisms are in a normal condition for development, whatever 
be the nature of the sugar, whether alkaline or acid. Microscopical 
examination is the true and only mode of ascertaining the keeping 
powers of sugar. 

In 1898 the subject was discussed in several British journals. 
It was discovered that bacteria of a special kind were always found 
in cane sugars, and from this fact it was argued that in the air there 
are always germs of certain micro-organisms, which will develop 
an invertase that has been separated. The contamination occurs 
mainly during the working in centrifugals. Some years since, 
STROHMER ? noticed that, in a pile of sugar, transformations were 
taking place which were plainly visible from the exterior appear- 
ance of the sugar. It could not be decided by that authority 
whether there had been a simple hydrolytic action or simple in- 
version. The bacteria observed led to the conclusion that there 
existed complicated micro-biological phenomena which flourished 
in the high temperature in which the sugars were kept in ware- 
houses, and which should have been avoided. 

Excellent results are said to be obtained by submitting sugars 
to antiseptic treatment, claimed to be in no way objectionable. 

t was noticed that, by bringing sugars in contact with formol, they 
underwent no change during keeping. It has been proposed to 
submit the bags and boxes used for packing sugars to a disinfecting 
process by a hot phenic-acid treatment. Other investigators de- 
clare that these precautions are useless, as the air we breathe is 
saturated with the objectionable germs, and, even by the use of 
superheated steam in the centrifugals, the difficulty is not overcome, 
as the spores in question can resist temperatures of 100° to 105° C. 
It is a well-known fact that moist sugar is more easily attacked by 
the germs than pure dry sugar. From this standpoint, attention 
should be called to the stress Basser placed upon the desirability 
of keeping sugars in some very dry place. It is possible that this 
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is the reason why the Hampure sugar merchants give preference 
to warehouses built of undulated iron, and having thick planks 
for the floors upon which the sugar is deposited. Hrrzrenp 1! 
points out that the possible advantage of this may be due to the 
fact that the sugars are then submitted to all the variations of the 
outside temperature, and these changes are destructive to the 
micro-organisms contained in the mother liquor on the sugars. 
According to CLAASSEN, sugars with excessively supersaturated 
mother liquors have very superior keeping powers, for the micro- 
organisms cannot develop, nor even penetrate the sugar. 

It is interesting to know whether or not a warehouse should be 
ventilated. On the one hand, HrrzreLtp recommends an active 
ventilation to cool the sugars in storage; and, on the other, 
E. and R. VAN MELCKEBEKE ? declare that ventilation is a mistake. 
Exterior air, notwithstanding its apparent dryness, will always 
introduce moisture into the building, and, as the temperature is 
lower inside than outside, the hygroscopic conditions not remaining 
the same, the water in suspension will condense upon the surface 
of the sugars. Furthermore, the air introduced always brings with 
it more organisms to attack the sugar. 

The use of very tightly woven bags has given most satisfactory 
results in keeping sugars for a considerable time without any evi- 
dence of alteration. The most recent investigations respecting the 
changes sugars undergo are those of Gillot, who made observations 
relative to the decomposition of a complex molecule of sugar into 
a simpler sugar molecule under the influence of diastase secreted 
by micro-organisms known as Aspergillus niger and the Penicillium 
glaucum. These secrete certain invertases capable of inverting 
raffinose; in fact, during the development of the Aspergillus the 
raffinose disappears entirely. It must be noted, however, that, in 
a perfectly neutralized medium, the spores of the micro-organisms 
do not develop even after the interval of a month. The alkalinity 
in such cases has only a retarding influence. 

Considering the question from whatever point of view, the fact 
remains that micro-organisms play the most important rdle in the 
alteration which sugars undergo, the other factors being moisture, 
acidity, alkalinity, etc. The combined action of these elements 
results in the formation of a sugar that will not crystallise, com- 
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bined with an increased moisture percentage, which may be followed 
by the running-off of a certain amount of sugar. The main object 
in view, when manufacturing sugar, should be to keep the sugar 
as dry as possible, to give it an alkaline reaction, and to store it in 
very dry warehouses, where air has no circulation, is not renewed, 
and does not come directly in contact with the sugar. 
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CHAPTER I. 


WORKING AFTER-PRODUCTS. 


CRYSTALLIZING TANKS. 


General considerations.—The science of extracting sugar from 
the beet is not sufficiently far advanced to permit all the sugar 
to be obtained in one operation. The quantity of sugar of a given 
grade obtained from a massecuite depends upon numerous factors. 
During the swing-out in the centrifugals, from 20 to 30 per cent of 
after-product is obtained, the purity of which varies from 70 to 
80. This is collected in a special receptacle, from which it is pumped 
into a waiting tank connected with the vacuum pan of the “‘sec- 
onds.” It undergoes a slight preliminary diluting by means of 
steam. This after-product contains considerable sugar, a portion 
of which may be extracted by simple crystallization, if it is concen- 
trated to a supersaturated condition. The ultimate object, when 
working the after-product swung from the first-grade sugars in 
centrifugals, is to obtain all the sugars in the shape of crystals not 
too small by means of crystallization, so that the final mother 
liquor is in reality a molasses. 

There are four important methods of working after-products: 
First, by cooking, in which no crystals are formed in the vacuum 
pan, the crystallization taking place in the tanks with or without 
sugar crystals as crystallizing centres; second, cooking without 
crystal formation, and the subsequent crystallization in the crystal- 
lizors through cooling, or the crystallization with sugar crystals 
as crystallizing centres; third, the graining in pan or by the addi- 
tion of crystals, and the subsequent working of the massecuites in 


the crystallizors; and, fourth, by returning the after-product in 
345 


346 BEET-SUGAR MANUFACTURE. 


some former stage of the manufacture. The time required by these 
different methods of working, in order to reach the composition of 
a real molasses, varies with the process used. 

The vacuum pan used for after-products resembles in appear- 
ance one of the compartments of a multiple effect or the vacuum 
pan of the “firsts.”” In many modern beet-sugar factories, an obso= 
lete first-sugar pan is used for this graining. But this point is of no 
great importance when the graining is to be conducted up to string 
proof, as is generally the case. When graining after-products in 
pan, it is customary to have in the pan suitable agitators, the ar- 
rangement of which will be discussed under another caption. The 
heating may be done with low-pressure steam or vapor, such as is 
obtained from the multiple effect. 

Efforts have also been made to grain after-products by some 
continuous method. The Passpura + vacuum pan has a compart- 
ment communicating with the exterior, and also having a closing 
appliance which at periodical intervals brings it into communica- 
tion with the interior of the apparatus, thus introducing new vol- 
umes of after-products to be concentrated to string proof. The 
closing device consists of three circular disks with notches, the 
middle one of which revolves around its axis, in such a way as to 
place the notches of the three disks in direct communication with 
the interior of the pan. It is claimed that this arrangement allows 
the pan to be emptied of low-grade products without in any way 
influencing the vacuum; futhermore, the operation may be a con- 
tinuous instead of an intermittent one. 

Reheating after-products.— Whatever be the method of handling 
the after-products, they must be freed from the air bubbles formed 
in the centrifugals while the syrup was being separated from the 
surface of the sugar crystals. When the product is heated to form 
90° to 95° C., the air bubbles rapidly rise to the surface, and, being 
thus liberated, do not bring about the excessive frothing during 
graining in pan that would otherwise occur. During the first period 
the heating should be slow, and if frothing is noticed it must be kept 
down by the use of some fatty substance. The pan at first is only 
half filled, the rest of the product being gradually added. 

Testing the mass.—The graining is generally pushed to string 
proof, and in some cases the operation is continued until the syrup 
has a given density determined by a hydrometer graduated at a 
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temperature of about 80° C. Most experts claim that these indica- 
tions are not so reliable as the string test. If the determination is 
made upon the hot after-product, the results are nearly correct, but 
not sufficiently so to be reliable. If they were made in [the sugar 
laboratories the data would be of no value, as they would come 
too late. The conditions relating to the concentration should be 
determined in the vacuum pan itself. The surveillance of the 
operation of working after-products is greatly facilitated by the 
use, during the concentration or graining, of appliances indicating 
the concentration. 

It is not possible to obtain a complete crystallization of the 
sugar of an after-product of 75 purity by simple cooking, for these 
syrups must be excessively concentrated to attain that end. Con- 
sequently, when an effort is made to obtain a satisfactory extrac- 
tion of sugar from an after-product, the cooking must con- 
sist of two separate operations, the first not too tight, so that 
the grain may be satisfactory, leaving an after-product of 65 
to 68 purity, which is subsequently grained to the desired con- 
centration. 

No general rule can be given for this first cooking. The amount 
of water allowed to remain depends upon the purity of the product 
being handled, but it is always greater than that of a massecuite of 
“firsts.” The after-product from the ‘seconds’? should be again 
worked in pan for “thirds.” | 

The conditions for the supersaturation of impure after-products 
. are more complicated than for pure concentrated juice. While, for the 
latter, the condition of saturation may, from a practical standpoint, 
be considered as being a solution of pure sugar and the supersatura- 
tion may be calculated from the CLAASSEN table of pure saturated 
solutions, the conditions of solution in after-products depend upon 
the quantity and kind of non-sugar present. ‘The authority just 
mentioned says that the solubility of sugar is modified to a very 
appreciable extent by the salts, and each salt has a different action, 
It would seem, however, that the mixture of the substance com- 
posing the non-sugar, as it exists in the after-products of beet- 
sugar factories, exerts nearly always the same influence upon the 
condition of solubility when the proportion between the ash and 
the organic non-sugar is about the same, and when the juices are 
rationally worked. ‘The solubility of sugar in the after-products 
from different factories is consequently about the same when the 
purity of the after-product is the same. It is only in exceptional 
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cases that syrups of the same purity show different conditions of — 


saturation,—for example, when they contain heavy percentages of 
lime salts or raffinose, or when these after-products are rich in ashe 
In order to prevent misunderstanding, it is important to note that 


the conditions of solubility have nothing directly to do with the — 


formation of molasses, as is frequently contended. The tables of 
solubility only give indications as regards the point up to which 
the after-products should be concentrated in order to crystallize. 
When the sugar is more soluble in one of the solutions of non-sugar 
than in the others that solution, admitting that it is purer than 
molasses, should be more concentrated, so that the sugar may 
crystallize, while a real molasses may be evaporated to the limit 
of dryness without any sugar crystallizing. 

The influence of substances composing the non-sugar is very 
different at different temperatures. When, for example, an after- 
product of 62 purity is saturated at 20° C., it contains in solution 


) 


for one part water 1.15 times more sugar than a pure sugar solution — 


saturated at 20° C. The same after-product will be saturated at 
70° C. only when it contains for one part water 1.5 times the sugar 
of a pure saturated solution at 70°. These data show the ratio 
between the amount of sugar dissolved in one part water in the 
saturated after-products and that dissolved in saturated solutions 
of sugar at the same temperature, and this factor is termed the 
coefficient of saturation. | 

As a general rule the coefficient of saturation is lower for all 
syrup at low temperatures than it is for high temperatures. In 
purer after-products, when the purity exceeds 70, the non-sugar 
exerts a contrary action at low temperatures, the coefhicent falling 
below 1.0, while at higher temperatures it is always above that. 


Evidently the influence of temperature increases with the impurity — 


of the after-product. 

CLAASSEN says that the variations of the coefficient of satura- 
tion of after-products of different purities and at different tempera- 
tures are still little known. We can only deduct from the experi- 
ments made approximate data, sufficiently accurate, however, for 
practical working. 

The conditions of saturation of syrups of different purity at a 
final temperature of crystallization of 40° to 50° C. is of special 
interest. At that temperature the coefficients of saturation are as 
follows: 
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In saturated after-products of 75 purity......... 1.0 
do. PaO tees mars 3 1 Os tol l05 
do. LOA OD et aes 1.05 to 1.10 
do. Od-GOrt ne ean pies 12h) to 1.25 
Winder GO eee teeta ei ay tutticte as 1.3 


The conditions of saturation at different temperatures for an 
after-product having a purity of about 63, which is very simi- 
lar to molasses, are about as follows: 


COEFFICIENT OF SATURATION UNDER VARYING TEMPERATURES. 
(Parts of sugar dissolved in one part of water.) 


In a saturated oefficient of satura- 


: C 
Temperature. after-product of In pee a tion of the after- 


63 purity. product. 
Deg. C 

8O 5.8 3.6 1.6 
70 4.8 SZ ee) 
60 4.1 2.9 14 
50 3.4 2.6 Les 
oo Pints’ as Te 
20 Zo 2.0 Pers 





These data permit one to calculate the composition, that is to 
say, the water percentage of the mother liquor of molasses, which 
should exist with a properly conducted crystallization. When the 
supposed purity is 60, such a molasses cannot dissolve sugar 
because it is saturated, and, on the other hand, it offers but slight 
resistance to the crystallization, because the viscosity is reduced 
to the lowest possible limit. In practice the mother liquor of a 
‘molasses should be kept slightly supersaturated, so that the erystal- 
lization can continue rapidly to the end, and the coefficient of 
supersaturation should be kept at 1.05 to 1.10. 

The following figures give the composition of a mother liquor 
of molasses at different final temperatures of crystallization. While 
they show the maximum amount of water admissible, this amount 
cannot be much decreased. 


CoMPOSITION OF MoLaAssEs (CLAASSEN). 


Final tempera- 





ture of Sugar. Water. Non-sugar. Purity. 
crystallization. 
Deg. C. Per cent. Per cent. Per cent. 
35 49.4 17.6 33.0 60 
50 SLO 15.0 34.0 60 
60 52.4 Loar 34.9 60 


70 53.3 bt 35.6 60 
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These figures permit one to calculate the most desirable con- 
centration for after-products, after being cooked in pan, to string 
proof in order to obtain a suitable supersaturated molasses as a 
final mother liquor. It is sufficient to suppose that enough dis- 
solved sugar has been added to the molasses to attain the purity 
of the after-product, and to calculate the percentage of this result. 
In case the after-product is to be grained in pan one should main- 
tain during the work certain conditions of supersaturation, de- 
pending upon other factors, which will be explained later. The 
data relating to normal molasses serve as a guide for the realiza- 
tion of a desirable concentration for the swing-out in centrifugals. 

Limit of exhaustion.—The concentration of the after-products 
should be done in such a way that the mother liquors remain super- 


saturated until the last, that is to say, until complete, crystalliza- - 


tion. A massecuite from an after-product should be made up of 
sugar crystals and a final partly supersaturated molasses. How- 
ever, it is not possible to obtain through cooking of ‘‘seconds”’ 
the purity of molasses. When graining the firsts, as mentioned in 
Part V, one may readily obtain an after-product of about 80 pur- 
ity. In Chapter IV are given descriptions of methods of obtaining 
after-products with purities that vary from 70 to 75. But even 
with such after-products it is not possible to obtain, through a 
second strike and the crystallizing tanks, all the crystallizable 
sugar contained in the product, for the reason that it would be 
necessary to push the concentration in pan beyond all rational 
limits. 

Even in case the purity of the after-product separated from 
the seconds during its handling in the centrifugal is only 3 per 
cent higher than the final residuum molasses, they may advan- 
tageously be cooked again, when strict rules are followed, for the 
reason that a decrease in the purity of a massecuite by one unit is 
followed by an increase of about 1.7 per cent in the resulting after- 
product sugar. 

CLAASSEN recommends that impure after-products be cooked 
by his apparatus, keeping the operation under perfect control, in 
accordance with the following calculations, based upon a purity 
of 58 for the final residuary molasses to be obtained. 


Actual purity of the after- 

pProducty...255 be. ¢ Hee 68 67 66 65 64 68 62 #61 ~~ 60 
Water percentage of the 

cooked product ....... 1155.11. 8,12,2.12 512.8 eee aoe 


A 
¢ 
j 
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The data for the water percentage of a concentrated after- 
product should be considered the highest admissible for a com- 
plete crystallization of the massecuite. It is recommended to push 
the concentration still further, as a protection against any condi- 
tions that may arise, and to arrange that the water percentage be 
from 0.5 to 1 per cent lower than is indicated in the tables. This 
is also recommended from another standpoint. When the masse- - 
cuites are too fluid, during the formation of crystals in the boxes, 
even the very small crystals will rapidly fall to the bottom, and 
the upper layers will be lacking in crystallizing centres, and a cer- 
tain viscosity is consequently necessary. The longer a high teme- 
perature is maintained in the mass the lower must be the water 
percentage. 

Crystallizing tanks.—The massecuite is sent into the crystal- 
lizing tanks through a pipe of considerable diameter, which is 
thoroughly steamed out after each strike. The diluted after- 
product thus obtained is sent to the waiting tank of the centrifugal 
room. Notwithstanding the precautionary measures taken to 
keep this pipe perfectly clean it will frequently clog, and in some 
factories a trough is used for the distribution of the massecuite 
to the crystallizing tanks. The shape of these tanks is most varied, 
but their capacity rarely exceeds 10 cubic meters. Upon general 
principles preference is given to low tanks, as by their use the 
crystallization is more satisfactory. On the other hand, these flat 
tanks demand a considerable superficial area and require much 
labor for emptying. In large tanks beams or rods must be used 
to hold the sides in position, and there should be suitable manholes 
in the bottom, through which the massecuite may be drawn off. The 
number of tanks should be sufficient to hold all the massecuite of 
seconds obtairied during the entire beet-sugar campaign. It is 
desirable to have a few extra tanks to be used in case of the empty- 
ing of one or more of the series. 

For very pure after-products, such as are frequently obtained in 
the manufacture of crystallized sugar, the second massecuite is also 
run into boxes or cars that may be moved off. In sugar refineries 
boxes, hdlding from 15 to 20 kilos of massecuite, are sometimes used 
for the after-products. The crystallizing tanks are filled up to within 
a few centimeters from the top, unless excessive frothing is feared. 
As soon as the tank is filled the date is noted on the outside. The 
temperature at which the massecuite leaves the pan is 80° to 90° C., 
and that maintained in the crystallizing tanks depends to a certain 
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extent upon the nature of the product. Impure strikes always 
necessitate a higher temperature than pure, and this condition 
should continue during the entire period that the mass remains 
in the tanks. As the purer massecuites must cool more rapidly 
than the impure product there are advantages in having several 
rooms in which the tanks are placed, and in which the temperature 
may be regulated as the conditions demand. In case the masse- 
cuite is comparatively pure some experts recommend that the 
temperature of the room of the crystallizing tanks should not 
exceed 35° C., and toward the end of the crystallization it may be 
reduced to 20° C. For a massecuite of a lesser purity and contain- 
ing less water the temperature of the rooms at the start is from 
50° to 60° C. and toward the end is reduced to 30° C. 

Heating of the crystallizing tanks.—The rooms may be heated 
either with exhaust steam or by coke furnaces. ‘The latter are 
mainly resorted to after the sugar campaign has terminated and 
the fires of the boilers have been extinguished. The use of the lost 
heat from the boiler flues is an excellent plan, but it should be 
carried out so as not to influence the draught. For a long period 
of years it was customary to have numerous small stoves placed 
near the crystallizing tanks, but these have been abandoned owing 
to the danger of fire. In many factories at present well-arranged 
caloriferes offer a very economical means of heating. Among them 
may be mentioned the Martin hot-air stove consisting of several 
horizontal divisions made up of fire-clay bricks in the form of 
triangular prisms which are placed alternately one under the other. 
The fuel falls by gravity from one layer to the other. The prisms 
extend from end to end of the stove and are 1.40 meters in length. 

Period of crystallization.—The period that the massecuite re- 
mains in the crystallizing tanks depends upon its purity, water 
percentage, the size of the tanks, and the surrounding tempera- 
ture. The time may thus vary from a few weeks to three or four 
months. In the WackERNIE! method for crystallization the tem- 
perature of the massecuites from after-products is lowered to 15° C. 
in four or five hours, and is then kept at that point for from 20 to 25 
days, the temperature after 10 days being gradually raised to 23° C. 
The sugar in its crystallized condition falls to the bottom of the 
box. The temperature is gradually raised to 30° C., and after 10 
or 15 days the product is worked in the centrifugals. : 





— 
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When the crystallizing tanks contain comparatively pure masse- 
cuites the swing-out operation may be conducted during the sugar 
campaign; otherwise the product is held over and is handled to- 
ward the end of the summer, just before the campaign commences. 
Such modes of working, however, are not economical, as they 
necessitate starting a portion of the factory’s machinery. Conse- 
quently numerous efforts have been made to introduce some 
method that would permit the complete handling of the after- 
product massecuite a few days after the sugar campaign has ter- 
minated. 

Crystallization in motion by gas injecting.—With this idea in 
view it has been suggested to inject gas into the massecuites during 
the period of their crystallization in the tanks. Many years since 
PrrRon ! proposed that carbonic-acid gas be used for this purpose. 
The crystallization was thus supposed to be hastened and at the 
same time an epuration was effected. HHRHARDT,? whose method 
is upon the same lines, used compressed air introduced through 
a pipe 50 mm. in diameter, which is plunged to within 2 or 3 cm. 
of the bottom of the tank filled with massecuite. A rubber con- 
nection is made with the air compressor, and in this way it could 
be moved about in the mass and the sugar crystals adhering to the 
sides of the receptacle readily detached. 

In a tank of 50 cb. m. capacity there was deposited a layer of 
1.5 meters of sugar, and in ten minutes these crystals were made 
to rise throughout the mass. The agitation is not begun until 
the product has been allowed to rest for about 48 hours, and is 
then continued at intervals of 24 hours, then every 12 hours, then 
at intervals of 6, and finally every 3 hours. The temperature will 
gradually fall, and after a month will continue at 52° C. The 
volume of air thus injected does not reach 15 liters per hour and 
per cubic meter of the massecuite. It is considered that this quan- 
tity is too small to have any objectionable influence upon the 
crystallized mass, and the product after this treatment is suffi- 
ciently fluid to be pumped to the centrifugals. Its purity falls 
from 69 to 60. 

The Rassmus* massecuite mixer for crystallizing tanks, in case 
the EHRHARDT compressed-air mode is used, consists of a movable 
car holding the air-injecting pipes. The rails are arranged along 
the entire series of tanks, and the car passes from one to the other 
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as the air injecting is renewed. A rubber pipe brings the com- 
pressed air to the car, from which it is distributed through the 
smaller pipes introduced into the massecuite. The injecting of gas 
has not met with wide favor. Some special crystallizators with air 
motion have been built of late. However, they do not answer 
the purpose, as the advantage of EHrRHARDT’s method is to create 
with little expense the agitation of the massecuite in any existing 
tank. In case of a new installation the standard crystallizators 
in motion are to be preferred from every point of view. 

Priming.—The period of crystallization in the tanks may be 
considerably decreased, and at the same time the yield increased, 
by adding to the concentrated after-product about to crystallize 
about 1 per cent of fine sugar crystals or powdered sugar. ‘These 
crystals or sugar wastes act as priming crystals for the crystalliza- 
tion which begins at once, and time is thus gained in the first forma- 
ton. Itis rational, when working in this way, to conduct the graining 
more tightly than is customary, so that the crystals that are to 
remain float as long as possible on the upper surface of the hot 
massecuite instead of immediately sinking to the bottom. By this 
mode of working, however, a sugar containing fine crystals, very 
difficult to handle in centrifugals and giving a low refining yield, - 
is obtained. 

The quantity of sugar needed for this priming increases with 
the impurity of the massecuite. The sugar used for priming should 
be of a comparatively fine grain, which, as has been previously 
mentioned, offers a greater surface of contact, weight for weight, 
than do the larger crystals. Certain manufacturers place great 
stress upon the regularity in shape of the crystal used. 

Removal of the massecuite.—Well-formed crystals will deposit 
themselves at the bottom, their size depending upon chance, as it 
is not within the power of the most skilful pan man to obtain a 
strike that will crystallize uniformly. The floating molasses is 
almost entirely free from crystals. The removal of the masse- 
cuite from the crystallizing tank, as well as its working in centrif- 
ugals, offers no difficulty. The remaining portion of the product is 
readily removed from the bottom of the crystallizing tanks. The 
blocks of sugar attached are taken out and more or less crushed in 
special mixers, such as were described under another caption. If 
viscous, the removal of the crystallized product is difficult, and it 
is mainly for this reason that the use of crystallizing tanks are 
becoming more and more obsolete. 
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It is advisable to pump the massecuite; into crystallizators,— 
when such are existing,—in which it is stirred for a certain time 
while being heated to 40° to 45° C., or to allow it to circulate through 
special tubular steam reheaters before being worked in the centrif- 
‘ ugals. In both cases the swing-out may be accomplished without 
the addition of diluted molasses, and the sugar crystals are not 
dissolved. Massecuites, when too tight, are submitted to a pre- 
liminary mixing with hot diluted molasses, which facilitates their 
working in the centrifugals. Considerable sugar is thus'dissolved, 
and as a consequence the purity of the swing-out molasses is 
frequently 2 to 3 per cent higher than a well-cooked masse- 
cuite. 

Objections to crystallizing tanks.—Most beet-sugar factories 
having crystallizing tanks still retain them, on account of the exe 
pense of introducing new appliances. Modern sugar plants are 
built with more modern appliances at no extra cost, and with an 
ultimate saving in working expenses. ‘The crystallization in the 
tanks is always incomplete, for the reason that the priming crystals 
are absent in the upper strata, as they fall to the bottom as soon as 
formed. Consequently, the upper layer of the molasses in these 
tanks always has a higher purity than the lower one. ‘The cost 
of the agitating combination, with either vertical or horizontal 
axis, is comparatively high; but if one wishes, notwithstanding the 
cost, to improve the process of working the after-products, the use 
of first-class vacuum pans and crystallizors is to be recommended. 
Under the caption of Crystallization in Motion this question is more 
thoroughly discussed. 

Frothy “ fermentations’? of after-products.—The working of 
the after-products may be accompanied by complications, such 
as frothy ‘‘fermentation.’”’ This phenomenon shows itself by the 
massecuite beginning to risein the crystallizing tanks as soon as it 
is emptied from the pan. Numerous gas bubbles are formed in the 
mass, which cannot escape, owing to the viscous condition of the 
product, but which slowly rise, and the entire mass, or at least 
the greater portion of the upper surface, appears to froth. 

Evidently the mass increases in volume in proportion to the 
amount of gas it contains, and the frothy portion runs over the 
upper borders of the boxes and the crystallizors.- This liberation 
off gas is greatest while the massecuites are hot, and diminishes as 
cooling progresses, ceasing entirely at 60° C. The volume of escap- 
ing gas varies greatly, sometimes only a thin layer of scum being 
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formed upon the surface, while again it may form 50 per cent of the 
volume of the massecuite. 

This phenomenon has led to numerous scientific discussions, 
and even to-day it is difficult to decide to what cause it should be 
attributed. Some experts claim that there exists an actual fer- 
mentation, while others point out that there is simply a chemical 
decomposition, in which micro-organisms play no part. HorsIn- 
Dion ! insists upon attributing it to a viscous fermentation. Ac- 
cording to Lexa? these fermentations are due to a thermophile 
bacillus, which he has isolated. It is in the form of twisted filament, 
which subsequently assumes the shape of a bacillus. The spores 
are readily formed, which explains their resisting powers, and 
begin to develop at 25° C., increasing in activity up to 50° C., at 
which temperature they rapidly come to a standstill. They throw 
off carbonic and fatty acids. According to LippMann,? the pro- 
duction of froth in after-products should not be attributed to fer- 
mentation, but to the decomposition of sugar and organic sub- 
stances. 

CLAASSEN maintains that the fact that this phenomenon is 
produced at temperatures higher than 80° C., at which degree all 
living organisms are killed, or at least show not the least sign of 
vitality, invalidates all theories explaining the formation of carbonic 
acid by the action of a ferment. He holds that the cause should be 
attributed rather to the decomposition of certain organic non- 
sugar substances, which are possibly the outcome of the decompo- 
sition of invert sugar and organic substances of considerable molec- 
ular weight, which find their way into the juices during the working 
of poor beets, or such as are frozen or rotten, in cases where the 
limited quantity of lime used during defecation has not brought 
about their destruction. The frothy ‘‘fermentation’’ never occurs 
when working healthy beets, but always occurs with poor beets, 
and when the defecation is too rapid or conducted at too low a 
temperature. When the products of decomposition that accumu- 
late in the after-products are exposed to a high temperature for a 
long time, they continue to decompose, especially when they have 
absorbed oxygen from the air during their centrifugal working. 
One of the products of decomposition is the carbonic acid, while 
the other products are not volatile and are in part composed of 
acids which reduce the alkalinity of the after-products or render 
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them acid. Furthermore, there is formed a dark-colored substance 
which gives the massecuite and the resulting sugar a brownish- 
black hue. The intensity of the frothy fermentation increases with 
the number of times the after-products have been cooked in pan, 
and consequently is greater in the third massecuite than it is in the 
second. 

GUNDERMANN ! declares that a massecuite run from the pan at 
86° C. into the crystallizing tanks undergoes a carbonic fermenta- 
tion after three to five days, due to a special bacillus, which fermen- 
tation continues until the product is worked in the centrifugal, 
notwithstanding a very pronounced alkalinity. Formic aldehyde 
appears to be the only chemical that will in a measure retard the 
fermentation when once commenced, as many experiments, such 
as boiling, the addition of lime, etc., have been unsuccessful. The 
temperature in the midst of the fermentation is about 40° to 46° C. 
Keeping the waiting tanks scrupulously clean is the only practical 
method of preventing, or at least allaying, the difficulty. 

In Karcz’s? experiments, made to determine the cause of car- 
bonic acid formation, it was noticed that the alkalinity was suffi- 
cient, and that the product contained very little invert sugar. A 
fact which appears rather difficult to explain is, that such vats gave 
from 3 to 4 per cent more sugar than those in which the abnormal 
changes were not noticed; however, the sugar was very dark in 
color. These investigations apparently show that the carbonic 
acid is generated, not by the sugar proper, but by the non-sugar. 
The complicated molecular compounds of such products are trans 
formed possibly into simpler bodies which no longer obstruct the 
crystallization of the sugar in the product. 

Other observations have been made in the same direction; for 
example, ANDRLIK and StanEK? have found in certain molasses 
as high as 0.5 per cent of nitrogen in the form of nitrates. These 
molasses are acid, and, when the acidity exceeds 65 cu. cm. of normal 
caustic potash per 100 grams of syrup, frothing occurs. According 
to other authorities, this frothing originates in the decomposition 
of complicated organic substances, due to the action of lime upon 
invert sugar. These transformations must be started by certain 
micro-organisms, and there follows a liberation of oxid of nitrogen. 
By boiling 100 grams of acidulated frothy massecuite, there were 
obtained 170 cb. cm. of gas, consisting of 52.3 per cent carbonic 
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acid and 32.3 per cent of protoxid of nitrogen. As the froth does 
not consist entirely of carbonic acid, it is proposed to call this phe- 
nomenon nitrous fermentation. It may occur during the working 
of beets that have undergone certain changes in silos. 

Remedies.—The remedies adopted to overcome frothing depend 
upon the theory accepted as to their origin. Those who believe in 
fermentation recommend exceptional cleanliness and washing the 
tanks with a concentrated solution of carbonate of soda, or, better 
still, quicklime. Lippmann! insists that the addition of alkaline 
carbonates does not correct the difficulty, but that it may be pre- 
vented by submitting the diffusion juices to an energetic lime 
treatment. MatrcczEk? maintains that, if the after-product 
massecuite is not too much tightened during graining, there will 
be no frothing. On the other hand, CLaassmN? recommends that 
the strike be run from pan at the lowest possible temperature. 
According to his experience, the yield of such massecuites is not 
especially affected, but the resulting sugar is very dark on account 
of fine grains, neutral or acid, and in most cases contains invert 
sugar. Consequently it has no keeping power, and is worthless 
upon the market, like molasses that contains more or less invert 
sugar. 

The best method for overcoming the frothy fermentation is an 
energetic lime defecation of the diffusion juices. After-products 
that have a tendency to froth through fermentation should be 
grained under the highest possible vacuum, and consequently at 
a low temperature. If this remedy is notsufficient, the lime treat- 
ment of after-products, as before mentioned, may be of service. 
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CHAPTER II. 


CYSTALLIZATION IN MOTION. 


General consideration.—In 1860 VANAERTENRYK! proposed 
that syrups be artificially cooled and grained to string proof in 
vertical cylinders having double sides, between which water is 
circulated. The same year? there were added to the erystallizators 
shaft and arm agitating attachments. This invention contains 
within itself all the principles of crystallization in motion. WuuLFrr 
recommends that crystallization in motion take the place of the 
crystallization at rest. The theory advanced is that, in order to 
obtain large crystals, the supersaturated liquid must be constantly 
renewed on the surface of the existing crystals, giving a better 
opportunity to the sugar in a state of supersaturation to deposit 
on these crystals. In concentrated solutions, the crystals will 
readily remain in suspension, while in thinner ones they fall to the 
bottom of the receptacle. Consequently, the crystallization in 
motion should give the best results with very fluid after-product 
massecuites; but it is just as effective with very viscous ones, as the 
consistence ? of such masses form a barrier to the crystallization 
of sugar. 

It is evident that immediately around the crystals there is a 
thin layer of mother liquor, which is necessarily well exhausted of 
its sugar, and cannot yield any more, notwithstanding that it is in 
direct contact with the surface proper of the crystal. The other 
supersaturated layers in the vicinity will deposit their sugar only if 
the occasion presents itself. In a viscous environment this crystalli- 
zation is difficult; consequently any motion that tends to bring the 
supersaturated solution in direct contact with the crystals already 
existing will accomplish the object in view. 


1 La. S. B., 22, 130, 1893. 
2 AULARD, Cristallisation, p. 11, 1901. 
3 Sacus, Review, 2, 290, 1888. 
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The difficulty arising from the viscosity of the mother liquor 
cannot, according to CLAASSEN, be reduced to any great extent 
by any mechanical means, because the particles of syrup that 
adhere to the crystals, and at the depends of which the sugar should 
crystallize, are not by this means modified in their relation to the 
crystals. The principal effect of the mechanical agitation of the 
product is to bring about a uniform temperature and concentra- 
tion, while, on the other hand, it is the diffusion alone depending 
upon the viscosity that brings about an equal concentration round 
the centres of crystallization. 

Favorable conditions for crystallization in motion.—Numerous 
experiments have been made by Horsin-Dton! to determine the 
most favorable conditions for the crystallization in motion. His 
conclusions were about as follows: When the sugar is removed 
from a mother liquor, if a low purity is desired, it is necessary to start 
from a massecuite that has a low purity. The maximum exhaus- 
tion is obtained by leaving the minimum water in the massecuite. 
The desugarization is proportional to the square root of the time 
the operation lasts. The period for the mixing decreases as the 
purity of the product is higher. According to the same authority,? 
if one traces out the curve of desugarization of after-products dur- 
ing the mixing, it will be noticed that it is much more rapid at the 
start than toward the end, tending to form a parabola up to the 
end of the sixth hour, and to incline towards the horizontal after 
the fifteenth or twentieth hour. There is a rapid desugarization 
from the start, which becomes less and less as the operation ad- 
vances and the mother liquor becomes exhausted of its sugar. 

It is maintained that, by running the massecuite from pan very 
hot, the viscosity is lessened at arate inversely proportional to the 
square of the temperature. The viscosity is one of the main causes 
of the parabolic curve of desugarization. The cooling must be 
conducted so that it will run parallel with the rapidity with which 
the solution is becoming desugarized; hence a product that is run 
very hot from pan should be rapidly cooled. 

According to CLAASSEN, the cooling in the crystallizors should 
be done slowly, and the appliances used should have a double bot- 
tom, so as to reheat the massecuite, if it becomes necessary. The 
final temperature should not be too low, and cannot, as a rule, get 
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below 40° C. Only a moderate agitation of the massecuite in the 
crystallizors is needed. In most cases this mixing lasts only from 
one to two minutes, and is suspended then for more or less time. 

DEGENER and GREINER have applied the same idea to a so- 
called crystallization at rest, but which in reality is a crystalliza- 
tion in motion. The mass is run into a closed receptacle, which is 
turned upside down at certain intervals. The crystals then slowly 
fall through the mass and will grow in size. JELINEK! claims that 
this idea was applied thirty years before the patent of the two 
experts mentioned was granted. 

One of the essential conditions for a satisfactory crystallization 
of saccharine solutions is their concentration. CLAASSEN very justly 


points out that a well-selected concentration does more for the 


crystallization of after-products than any motion that may be 
given. When the standard concentration of an after-product or a 
mother liquor has been determined, the essentials for a satisfactory 
and rapid crystallization have also been obtained, as the after- 
products under these circumstances have a very low viscosity. 
The viscosity of the after-product and the mother liquor constitute 
a serious obstacle to rapid crystallization, for the reason that the 
particles of sugar dissolved, in order to be deposited upon the 
existing crystals, are obliged to overcome the resistance offered 
by the viscosity of the after-products. When the most desirable 
concentration of the after-product is maintained, there is realized 
the least supersaturation admissible, together with the least vis- 
cosity, as this latter increases in a very marked degree with the 
supersaturation. 

Temperature has a still greater influence upon viscosity. At 
75° to 90° C., that is to say, at the regular boiling temperatures of 
the after-products in vacuum pan, the viscosity of pure, impure, 
or even saturated, after-products varies very little. At the lowest 
temperature, especially from 60° to 65° C., the viscosity increases 
much more in impure and supersaturated after-products than in 
purer and only partially saturated syrups. The viscosity in impure 
after-products may become so pronounced at the ordinary tempera- 


_ ture that a crystallization can no longer be obtained. Inversely, 


the higher the temperature of crystallization the greater the super- 
saturation of the after-product can be kept, and one may thus 
decrease the period necessary for crystallization. It is possible to 
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retain high temperatures only in a vacuum pan or crystallizors for 
any length of time, and for this reason all processes depending upon 
the utilization of these appliances give a much more rapid crystal- 
lization than is obtained in special boxes. 

Another condition for a satisfactory and rapid crystallization 
of after-products is uniformity of temperature and concentration 
in all portions of the mass, and the presence of sufficient centres 
of crystallization. Later the mechanical means available for attain- 
ing a uniform repartition of temperature and concentration will be 
described. As a general thing, these appliances are satisfactory 
from that standpoint, and the centres of crystallization are well 
distributed and exert their desugarizing power, upon which the 
crystallization depends. | 

Crystallizators in motion.—The appliances for crystallization 
in motion do not differ in any important essential from the refrig- 
erating appliances of Bocquin and Lipczinsx1. However, there 
are differences of principle and management. In the refrigerators 
the massecuite is simply cooled to the desired temperature for the 
swing-out operation, while in the crystallizator all important essen- 
tials of crystallization are closely watched. Among the WuLFF 
patents the combinations are very numerous, but only a few of the 
many arrangements proposed were used. Among these are abso- 
lutely closed crystallizators, in which a vacuum is sometimes 
created in order to continue the graining. These appliances should i 
always have double bottoms for their heating or cooling, as the case 
may be. 

RaGot and TourNEuR! point out that in these appliances only 
the exterior zones of the product are heated or cooled, while in the 
centre of the mass the temperature is entirely different. In their 
appliance the water or steam circulates in the interior of the agi- 
tator itself, and to accomplish this the latter has a special shape, 
as shown in Figs. 169 and 170. The massecuite is contained in a 
trough, 1, within which rotates a tubular helix, or two tubular helices, 
mounted on a shaft or shafts, 2, the heating or cooling fluids circula- 
ting through the helix or helices, to which the mixing paddles, 4, are 
attached. The shaft, 2, has at one end a hollow shaft, 6, on which 
a steam or water distributing box, 7, is fitted, being provided with 
inlet pipes for the steam and the cooling liquid respectively, and 
with an exhaust pipe, 35. The heating or cooling fluid passes along 
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an annular space, 13, in the pipe, 6, and thence through a pipe, 15, 
to the coils, the fluid finally returning through the pipe, 30, and an 
inner passage, 33, to the exhaust or outlet pipe, 35. In the case of 
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Fie. 169.—Racot-Tourngrur Crystallizator. 


ong troughs, two helices, 22, 23, are preferably used, their respec- 
tive shafts, 2, being connected by a hollow shaft, through which 
the fluid circulates. In this arrangement the fluid is first caused 
to circulate.through the coil, 22, and then through the coil, 23. 











Fig. 170.— Detail of Shaft Distributor. 


The Hucu apparatus (Fig. 171) consists of a closed cylindrical 
crystallizator, over which is a dome, D. Through the tubular clusters, 
B and B’, circulates the steam used for heating or the cooling water, 
introduced through § and S’. The water of condensation is re- 
moved through d and 6 and the pipe E. It is to be noted that the 
same steam passes successively through a, 6, c, and d. Between the 
clusters are the mechanical arm agitators, R. 

The greatest objection to the general acceptance of the crystal- 
lization in motion is the comparatively high cost of the plant, and 
this explains, as already mentioned, why -efforts have constantly 
been made to introduce this method in combination with existing 
machinery with the view to economy. Hotcki claims that all 
receptacles may be changed into a motion crystallizator and fulfill; 
in a measure, the requisites of the situation by means of a simple 
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combination consisting in a spiral that will displace in a telescopic 
tube.t As the massecuite level rises in the reservoir the telescopic 
tube is raised. Thereby the product is always taken from the 
bottom of the receptacle and carried to the top, under which con- 
ditions the crystallization in motion is accomplished. 

KarutTH 2 utilizes also the flat bottom massecuite tanks for the 
crystallization in motion. As in the former device, a vertical spiral 
lift is used for this purpose. The product is raised and distributed 


| 
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Fig, 171—Hvc# Crystallizator. 


upon the entire surface of the tank. To prevent the deposit of 
crystals upon the bottom, the lower portion of the spiral is shaped 
like a plowshare, and by this means one may at very little expense 
effect a crystallization in motion. It is to be noted that all installa- 
tions are not so economical as they may at first appear. To put in 
a spiral transmission for each of the crystallizators involves con- 
siderable expense. As there are frequently more than a hundred 
of these tanks in a factory, the apparent economy would be doubt- 
ful compared with some rational and scientific installation. 

The injection of gases into the mass, as already described, offers 
special advantages. In addition to what has been said, mention 
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should begmade of the Hrusuxa! hot or cold gas mode, by which 
the crystallization in motion is perfectly controlled. Another 
method? of working the after-products consists in running the 
different strikes of the ‘‘first molasses,’ one over the other, in a 
large cylindrical receptacle, 10 m. high and 2 m. in diameter, at the 
bottom of which there is an agitator. As the massecuite is drawn 
off, the different layers sink until reaching the bottom, where the 
agitation begins. After eight days it may be drawn off in a fluid 
condition, running through a pipe into the centrifugals. It is 
claimed that with a product of 78 purity one obtains an after- 
product of 61 purity. 

According to some experts, the existing crystallizators present 
objectionable features. The recent theory of ABRAHAM? is that 
the portions on the sides of the crystallizators are crushed by the 
motion, and the inner portions are motionless around the axis. 
The crystallizator of this expert consists of a vertical cylinder with 
a central axis, in which there is evolved from top to bottom a spiral 
scraping device fixed on the axis. The massecuite descends along 
the axis, and at the bottom it is projected outward by means of 
curved blades. It is claimed that the motion throughout the mass 
is all that can be desired. The same arrangement may be applied 
to rectangular receptacles, but is objectionable on account of the 
corners, which are always dead spaces. 

Various modes.—If there ‘is run into special massecuite crystal- 
lizing tanks of ‘‘seconds’’ a product that has been grained to string 
proof, and contains no trace of sugar crystals, it is evident that 
after a certain time crystals will form in the mass kept in motion, 
owing to the favorable condition of the product. This was the 
method adopted by VANAERTENRYK, but it has found little or no 
application. Later efforts were made to shorten the period of 
crystallization by the introduction of priming crystals into the 
string-proof boiled massecuites. Wutrr,‘ in his patent of 1884, 
described a method of crystallization in motion of the after-products 
boiled to string proof. The strike was emptied into the crystal- 
lizators, and at the same time sugar heated to the same tempera- 
ture as the mass was introduced as priming centres, and the whole 
agitated for a certain period. The sugar crystals, during this in- 
terval, grow in size. 
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The Bock! mode consists in leaving in the crystallizators from 
one-fourth to one-third of a previous strike, filling the apparatus 
with the massecuite from ‘‘seconds’’ boiled to string proof, and 
emptied at 75° to 80° C., after which the product is agitated for 
three days. ‘This method necessarily results in the production of 
very large crystals, which are flat and sometimes one centimeter 
in diameter. They collect around the drum of the centrifugal and 
prevent the syrup from escaping. 

In modern methods it is not customary to allow any of the 
previous product to remain in the crystallizators. LippmMann de- 
clares that, from the beginning, the failure of many methods of 
crystallization in motion has been due to allowing a portion of the 
product of the previous operation to remain in the crystallizing 
tanks. Now it is customary to concentrate the after-product. either 
to string proof, or, by means of a brasmoscope, to a specified concen- 
tration. The massecuite is then run into the crystallizators, and, 
for priming, a certain quantity of first- or after-product sugar is 
added. 

For a complete crystallization of the after-products, they should 
be concentrated in accordance with CLAASSEN’s table, and the data 
previously given for the working in crystallizing tanks. With pure 
after-products, which should then be supersaturated, the most. 
there would consequently form an excess of crystals, or, if priming 
crystals are used, other small crystals would be formed alongside of 
those already existing. To obviate this, the after-products, with a 
purity higher than 70, should be allowed to retain more water than 
the table indicates, and for this reason they can never continue to 
crystallize so as to have the purity of a mother-liquor molasses. 
In reality one obtains a final after-product having a purity of 60 
to 65, and sometimes more, that is to say, one that may yet give 
satisfactory results in tanks or in crystallizators. 

As a general thing, the strikes for the subsequent working in 
the crystallizators are emptied with about 10 per cent of water, 
and the crystals are permitted to form during cooling in these 
appliances, or 15 to 25 per cent of sugar is added for priming. 
The sugar used for this purpose should first undergo a preliminary 
heating, or be mixed with hot after-product, so that no new crystals 
will be formed in the strike by the addition of cold sugar. CLAASSEN 
says that it is much more rational to gradually introduce the sugar 
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into the pan than to add it to the erystallizators. The quantity 
of sugar used for priming necessarily depends upon the rapidity 
with which it is desired to conduct the desugarization, and also 
upon the size of the crystals one wishes to obtain. The rapid 
desugarization may be realized through the liberal addition of small 
priming crystals. To the massecuite of “thirds’’ 30 per cent of 
priming sugar is frequently added. All this is governed by the 
local demands that the sugar is to meet. 

_ When sugars of after-products are intended to be sold directly 
upon the market, advantages are found in using for priming a 
. higher-grade sugar than is obtained from the after-product. Do 
what one may, the after-product sugars are always at a lower quo- 
tation upon the market than are the standard sugars. Evidently, 
when the sugars are for remelts, the issue then assumes a different 
aspect. Under a microscope the sugars obtained from after- 
products, by crystallization in motion, apparently show different 
layers of crystallized sugar, adhering one to another, rather than 
large homogeneous crystals. 

Duration of crystallization in motion.—The duration of this 
operation depends upon the extent of the sugar extraction one has 
in view, and the purity of the initial after-product. According to 
CLAASSEN, two or three days are sufficient to reduce the purity of 
an after-product from 75 to about 65; but, in cases where the purity 
is to be reduced from 65 or 70 to 60, at least 5 or 6 days are neces- 
sary. LippMANN! points out that the complete crystallization 
of massecuite of 68 to 70 purity should last, under the most favor- 
able conditions, 11 to 14 days, while in the case of 80 purity the 
operation is completed in 5 to 6 days. The temperature of a masse- 
cuite should first fall very slowly, and then more rapidly, under 
regular conditions, ending by a temperature from 40° to 50° C. If 
a tendency for the product to thicken is noticed, the operation 
should cease and the swing-out operation commence. If the mass 
becomes viscous, diluted after-products should be added. A re- 
heating answers the same purpose. This must generally be towards 
the end of the crystallization. 7 

Care should be taken that there be no cooling during the trans- 
portation of the crystallized mass to the crystallizators. Further- 
more, there should be a large crystallizator-plant in order to keep 
up the agitation. Where the plant is too small for the appli- 
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cation of the crystallization in motion to the ‘“thirds,’’ these are 
again cooked into the crystallizing tanks, and the product is allowed 
to crystallize for several months. This procedure is not desirable 
on account of the floor space needed for the crystallizing tanks. 
Modern processes, which will be subsequently explained, show 
that the “third’’ manipulation is no longer necessary, and that 
after the “‘seconds’’ the operation may be considered practically 
completed. 
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CHAPTER III. 
GRAINING OF AFTER-PRODUCT. 


General considerations.—There are methods of desugarizating 
the ‘‘seeonds’’ to the condition of final molasses, even when they 
have a comparatively high purity. The method in question is 
based upon graining after-products of “firsts.” For this it is not 
absolutely necessary that the crystals should be spontaneously 
formed in the midst of the product, and priming crystals may be 
used. 

If sugar crystals are formed in the partially supersaturated after- 
product, or a sufficient amount of crystals is added, it is possible, 
if the graining is properly conducted, to bring about an active 
crystallization in pan, so much so that the purity of the mother 
liquor will fall several degrees. The difference between this method 
and the crystallization in motion is, that the desugarization of the 
after-product is effected in the pan at high temperatures in a com- 
paratively short interval, while in the other case the operation is 
slow and depends upon refrigeration. 

Practical hints.—One of the essential conditions for the success 
of the operation is, that the exact supersaturation be determined 
and kept within prescribed limits. The crystallization may then 
continue in special crystallizators in motion and the ultimate re- 
siduum is molasses. As previously pointed out, the graining in pan 
of an after-product does not differ in general principles from the 
method adopted with syrups from the multiple effect; but, as the 
after-product from “‘firsts’”’ is less pure than the original syrup, 
to bring about the formation of the first crystals it must sometimes 
be tightened very much more than for syrups, and during graining 
the supersaturation must be kept higher. The crystallization is 
very slow, and the steam valves are only partly opened, the product 


being constantly submitted to the string test, or controlled by means 
369 
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of a brasmoscope. MirretsTaEDT! claims that no crystals can be 
formed with an after-product of less than 80 purity. This assertion 
has been, practically demonstrated to be erroneous. 

A difficulty presents itself in the graining of after-products which 
is due to the viscosity, and the dependence of this viscosity upon 
the temperature. The appliances, such as brasmoscopes, etc., for 
keeping the graining under control, in this case render great service, 
for the reason that, as the operation is very slow, the brasmoscope 
can be easily regulated according to the results expected. The 
devices that give rapidly the water percentage of the after-products 
are considered by CLAASSEN as indispensable. The concentration 
of the after-product, or the mother liquor, should be specially cal- 
culated for each mode of working and for products of different 
purity. Here again CLAASSEN uses standard coefficients of super- 
saturation. According to this authority, during the formation of 
grain the coefficient of the after-product should be about the same 
as for graining concentrated juices from multiple effect, and it should 
be gradually increased when the purity falls to 68. After the forma- 
tion of grain the coefficient should at first be lessened by the suction 
into the pan of a small additional quantity of after-product. When 
the crystals have attained a perceptible size, the coefficient is grad- 
ually increased during the growth of the crystals and the decrease 
in the purity of the mother liquor. 

Standards relating to the height of the coefficient of super- 
saturation cannot be given; they should, on the contrary, be cal- 
culated on the basis of the table for the water percentage to be 
maintained, according to the purity of the product and the stage 
of graining. By the assistance of this table and the controlling 
apparatus, the pan man is able.to conduct the graining mechanically 
to the end of the strike. ‘The formation of grain may be started in 
an after-product, when the operation is conducted by these tables 
or according to the string test, either as is done for the syrups of 
multiple effect through the suction of more product into pan, or 
simply by the motion of mechanical agitators. There will follow 
what is known as a disturbed crystallization, which during the 
working is regulated according to special tables, in order to obtain, 
with an accurately determined concentration, just the quantity of 
crystals wanted. No great skill is required in this method of grain 
formation, as the pan man need only see that the graining be not 


1 Ds Ziel. 28 45501898. 





GRAINING OF AFTER-PRODUCT. ovl 


continued for too long a lime. In after-products with a purity of 
75 and more, sufficient nuclei of grains will be formed in a few min- 
utes after the desired concentration is reached. On the other hand, 
in impure after-products, one-fourth to one-half an hour elapses 
before the crystals become visible. The formation of the grain may 
be hastened by pushing the concentration, but under these cireum- 
stances too many crystals are obtained yielding sugar of an ex- 
ceptional fineness. When in excess, a portion of the crystals may 
be remelted, as is done during the strike of firsts in pan; but this 
operation demands much more care, as the crystals are most diffi- 
cult to distinguish in the mass, which is rather dark in color. As 
soon as the number of crystals is sufficient, the formation of new 
ones should be stopped by a slight dilution of the mass. From 
that time on until the strike is completed, the degree of supersatura- 
tion is gradually increased; and this state may be determined by 
me2ns of the CLAASSEN apparatus, or the use of a brasmoscope. 
If neither of these appliances is available, reliance must be placed 
on the string test. There appears to be very much less danger of 
false grain formation than when handling pure syrups. EGER ? 
urges as a precautionary measure the heating of the after-product 
to 80° C., after which it is run into the vacuum pan. 

The duration of graining depends upon the size of the crystals 
one wishes to obtain. The slower the operation, the larger will be 
the resulting crystals. In 24 to 36 hours a mother liquor having a 
purity of about 65 is obtained; but, to force this down to 60, the 
graining should last from 60 to 72 hours. 

It does not appear rational to push the purity below 65, and 
when that limit is reached the product is emptied from the pan 
into the crystallizors. 

Vacuum pans.—For graining after-products the appliances 
generally used are of special construction. In most cases the after- 
product is introduced into pan in a highly concentrated condition. 
As there is comparatively little water to evaporate, the motion 
resulting from boiling is slight, and there is necessarily a slow 
crystallization, hence the importance of using some form of mechan- 
ical agitation in the pan itself, or of introducing carbonic-acid 
gas, as previously mentioned. CLAASSEN recommends the use of 
dry steam, and claims for it the advantage that it keeps the mass 
hot—if for one reason or another the working of the pan comes +o 
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a standstill. There are needed from 500 to 600 kilos of this steam 
per strike. Yet another method is frequently adopted, and must 
be resorted to in factories where there is no special pan used for 
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Fig. 172.—FreEitaae Pan for After-products. 


graining after-products. It consists in diluting the after-products 
to 60° or 65° Brix. The crystallization that follows is satisfactory, | 
but an additional expense is incurred, as the water added must be 
subsequently evaporated. 

While the Rrsoux apparatus, previously mentioned, gives 
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excellent results for this special work, the Frerrac and Grossi 
pans are very generally used (Fig. 172). The Frurrac apparatus has 
a suspended tubular heating surface, B; the steam is introduced 
through H, and the ammoniacal vapors and condensed water 
escape through special pipes. At the centre of the pan there is a 
pipe, k, in which revolves a spiral that receives its motion from an 
upper conical gearing. The scraper, G, prevents the mass from 
collecting at the bottom, which is double, as shown in b and d, and 
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Fie. 173.—GrossE Pan for After-products. 


may also be used as a heating surface. ‘The massecuite is forced 
toward the bottom by the spiral and then rises in the interior of 
the tubes of which the heating surface consists. The escaping steam 
bubbles will tend to help this upward motion. 

The GRossk& pan (Fig. 173) consists of a large vertical cylinder 
about 5 meters in height and 2.8 meters in diameter. At the bot- 
tom are three coils, B, C, and D, in which steam circulates. In 
the centre of the apparatus is a pipe, E, in the interior of which re- 
volves a shaft, F, with spiral agitators, which force the mass upward 
by means of the pulley, G. This shaft makes 15 revolutions yer 
roinute. To prevent entrainements the apparatus is never entirely 
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filled. The contents should never exceed 230 to 250 hl. of masse- 
cuite. | 

The CzaPikowskI and Karuik graining pan is horizontal. Its 
heating arrangement is in the shape of a cross, adapted to a hollow 
shaft, around which it revolves, the middle being located at about 
one-third the height of the evaporating appliance. ‘The motion 
of the cross reheater is very slow, only 1 to 3 revolutions per minute. 
The heating surface is about 30 sq. m. for an approximate capacity 
of 30 tons of massecuite. In these heating tubes cold water may 
be introduced, which permits a refrigeration of the massecuite in 
the apparatus itself. The Brrounsky! vacuum pan for afters 
products is also horizontal, and perpendicular to the tubes are ar- 
ranged, depending upon the length, two or three axes with agitating 
arms, which revolve between the spacing of the tubes, and keep the 
mass in motion in every part of the apparatus, so that no dead 
spaces exist. . 

Different processes.—There are a great many methods for grain- 
ing after-products that only differ in details and are changed re- 
peatedly, according to the special requirements of the various sugar 
factories. It is not necessary to describe any but those that have 
been subjected to a practical test and are in use. By the FreriTac ? 
method the graining is commenced with a small quantity of after- 
product, this acting as a nucleus. The graining to string proof is 
accomplished after the mass has been submitted to a considerable 
tightening by introducing more after-product by suction. ‘ihestrike 
lasts 11 to 16 hours, and is tightened so as to contain from 6 to 8 
per cent of water. The massecuite remains in the crystallizators in 
motion for 100 to 150 hours. At intervals of two hours it is agitated 
for five minutes, and then the crystals are allowed to fall gradually 
through the mass to the bottom. After-products of 68 to 73 purity 
are exhausted to an average of 62, the residuary molasses having a 
purity of 59 to 60. 

In the CzapikowskI-KarLik method the graining lasts for about 
36 hours. The vapors of the first and second compartments of the 
evaporating appliance are used for heating. After the formation of 
the grain the after-product is gradually introduced and the concen- 
tration continues until it reaches about 94° Brix, after which the 
crystallized mass is diluted by drawing in molasses. The quantity 
of molasses sent to the pan is about 3.5 tons, and when sufficiently 
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diluted the massecuite is run into the erystallizators and 3.5 tons 
more molasses are added. ‘The product remains in the mixers 
about 72 hours and is then run into the centrifugals. The tempera- 
ture before the swing-out should be about 40° C., otherwise it will 
be too thick and difficult to work. The massecuite in the mixers 
is at 90° to 92° Brix. There is obtained 50 per cent of second- 
grade sugar of a bright color resembling a first-grade product. A 
portion of the swing-out is sent to the graining apparatus to dilute 
the massecuite, another portion to the mixers to dilute the product 
run off, and the remainder is considered molasses. Its composition 
is about the same as normal molasses, but an average sample has 
a purity coefficient of 64.2, the final residuary molasses representing 
1.4 per cent of the weight of the beets worked. 

CLAASSEN has attempted to establish some scientific rules and 
methods for the graining of after-products. He proposes the fol- 
lowing: During graining it is important to reduce the viscosity to 
a minimum, so as to favor the precipitation of sugar, and this can 
best be done by maintaining the degree of supersaturation and 
temperature within reasonable limits. By the use of tables the pan 
man can conduct the graining mechanically. As steam is injected 
into the mass it circulates freely and the temperature becomes 
uniform. For the practical utilization of the control apparatus, 
when syrups are to be grained in this way, the following table is 
used, which gives the water percentage that the syrup should have 
to realize the most desirable coefficient of supersaturation for each 
case. This table is as follows: 


WATER PERCENTAGES FOR THE GRAINING OF AFTER-PRODUCTS AT DIFFERENT 
TEMPERATURES (CLAASSEN). 


Water percentage of syrups during graining. 
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When the temperature corresponding to the desired degree of 
concentration is reached the water percentage corresponds to the 
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most desirable degree of supersaturation, the heating ceases, the 
agitator is put into motion or steam is injected into the mass during 
one half-hour or more, depending upon the degree of purity of the 
syrup. When sufficient grains have been formed, the steam injec- 
tion ceases and the pan is conducted under ordinary conditions, 
regulating the concentration, however, at different periods, in ac- 
cordance with the data given in the table. If, for example, the 
Svrup to be grained has a purity of 75 and the vacuum is 59 cm., 
according to the table the concentration should continue until 
13.8 per cent of water is reached, requiring a temperature of 80° C. 

The CLAASSEN indicator and the foregoing table give at once 
the temperature to which the mass should be heated for any varia- 
tion of the vacuum of water percentage and purity. 

When the last graining period is reached, it is recommended 
not to suddenly reduce the water percentage; on the contrary, 
dry steam is injected, which has a slightly higher tension than that 
existing in the apparatus. By this injection of dry steam, the mass 
receives sufficient caloric to compensate for losses due to radiation, 
as the steam abandons the excess of calories that it contained upon 
entering. The period of crystallization lasts for 10 to 15 hours, 
during which interval the steam is introduced in the calandria or 
coils at certain intervals, and is concluded when the water per- 
centage of the mass is reduced to 8 or 10 per cent. The mother 
syrup after 36 hours has a purity of 66. The handling of the masse- 
cuites during the final period of crystallization is of special interest. 
The condition of supersaturation then can no longer be the same 
as during the first period of graining, but should be lowered. 

When the graining is terminated and the product is run into 
the crystallizator the mother syrups are diluted, and a uniform 
decrease of temperature which is realizable in practice should be 
cared for. After the first day the temperature falls to 80° C.; 
after the second to 70° C.; after the third to 58° C.; and after the 
fourth to 45° C., and at this temperature the swing-out in the cen- 
trifugals may be satisfactorily conducted. During the cooling, 
there is added, per cubic meter of massecuite run from pan at 88° C., 
2.6 liters of water; at 84°C. the same quantity. After that, there is 
added 5.3 liters for every fall of 4° C. Under these conditions it is 
possible to maintain during the entire period of crystallization 
the same coefficient of supersaturation, so that the operation takes 
the least possible.time without reaching a supersaturation at which 
other crystals could form, or without attaining a condition of 
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viscosity which would render the swing-out operation difficult. 
STUYVAERT ! claims that by this method the same quantity of 
sugar is obtained from an after-product in four days as is given 
by any of the slow-crystallizing processes in a period of weeks or . 
months. 

Matuis is not in favor of crystallizing the after-products in pan. 
The grain is formed in the pan, but is allowed to develop in crystal- 
lizators. The after-products are concentrated so as to contain 
from 6 to 8.5 per cent of water. With the view of preventing grain- 
ing of after-products that are comparatively pure before reaching 
the most desirable moment, the temperature is raised to 92° to 100° C, 
towards the end of the strike. In this mass the grain is started 
by forcing an agitation through the introduction of high-pressure 
steam or air during three to four minutes. After a- very short 
interval the grain formation is made evident through a simple touch. 
At the temperature under consideration, there is only a very limited 
viscosity; and the crystallization that follows is very rapid, the 
difference of only a few degrees having a visible influence upon 
the crystallization, especially in regards to the size of the crystals. 
The larger ones being obtained at high temperatures, the product 
is emptied into crystallizators, and, as the supersaturation is very 
high, there should be an isolating exterior surface, so as to maintain 
the same temperature for several hours after it has been run from 
pan. The agitating arms of the crystallizators are kept working 
until the product is run into the centrifugals. After a few hours 
hot air is circulated over the surface of the massecuite. It is to be 
noted that the temperature of the air is slightly higher than the 
product with which it comes in contact, and the moisture is carried 
forward. This permits one to introduce hot diluted molasses, so as 
to only gradually increase the water percentage of the massecuite 
as the cooling progresses, and so as toslowly attain a decline in the 
purity of the final mother liquor. After 36 to 48 hours of agitation 
and cooling until reaching 75° C., the massecuite is run into open 
crystallizators, where the cooling is slowly continued, the diluted 
hot molasses being successively added, until reaching the tempera- 
ture for centrifugaling, that is, 45° C. It is possible, by means of this 
process, to lower the purity from 77 to 60, and possibly less. The 
ultimate sugar obtained is said to be of very high grade.? 





—_— 
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CHAPTER IV. 


HPURATION AND RETURN OF AFTER-PRODUCTS INTO THE 
JUICES. 


From the time of the very first attempt to extract sugar from 
the beet, it was argued that it was impossible to improve the com- 
position of after-products so as to bring them to the condition 
of pure beet syrups. Numerous methods have been proposed and 
practically tried, but have now become obsolete. They frequently 
reappear under another name, after having undergone some slight 
modification, and then again disappear. These processes, taken as 
a whole, may be classified along a certain line. On the one hand, 
the after-products are separately submitted to the action of epu- 
rating agents; on the other, the epuration takes place simultaneously 
with that of the normal beet juices. All, or nearly all, of the chemi- 
cals that have been proposed for epurating diffusion juices, have 
also been suggested for after-products. Only those will be men- 
tioned that have shown some prospect of being successful in 
practice. 

Epuration with lime.—The first experiments in epurating after- 
products with lime and carbonic acid, as applied to diffusion juices, 
are those introduced by MistaciEwicz,! in 1873. Since then the 
idea has been taken up by SucHomeEn,? but met with very little 
practical success. To STmeNnzEL? is due the credit of having intro- 
duced the process in the greater practice. He diluted the after- 
product to 50° to 60° Brix. with the juices of first carbonatation, 
or with the sweet water from the filter press, and added 3 per cent 
of lime. He then heated and carbonatated until the alkalinity was 
0.15 per cent of lime, after which the product was sulphured ard 
filtered on wood wool. 





1 Oe.-U. Z., 2, 457, 1873. 
2 Oe.-U. Z., 17, 61 and 159, 1888. 
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The after-product thus treated may be grained to white sugar. 
It is claimed that by this method a characteristic epuration of the 
after-products is obtained, and the scums contain a high percentage 
of nitric bodies, with frequently 15 per cent of organic substances. 
The lime causes a physical amelioration, such that the viscosity is 
no longer a difficulty, and the product readily yields ‘‘seconds”’ 
and “thirds.” 

Sulphuring after-products.—In many beet-sugar factories it is 
customary to sulphur the after-products before submitting them 
to a second crystallization. This operation is of service in reducing 
excessive alkalinity. But when the syrups from the multiple effect 
have been saturated, so that their alkalmity varies from 0.02 to 
0.04, and the first massecuites have consequently an alkalinity 
of about 0.05, that of the after-product is approximately 0.05 to 
0.10. According to CLAASSEN, an alkalinity of at least 0.05 is not 
objectionable, but is, on the contrary, absolutely necessary, in order 
that the alkalinity of the after-product may not decrease and be- 
come neutral during the long period of crystallization in the tanks, 
the vacuum pan, or the erystallizors, which lasts for days at a time. 
The saturation of the after-products, therefore, is not necessary in 
the usual methods of working, and may be omitted, as in such cases 
the dilution and subsequent evaporation of the products add to the 
cost of working. 

Many experts differ with this authority as to the question of 
alkalinity, but when the work is rapidly conducted their fears are 
no longer justified. For many years numerous factories worked 
with considerable acidity. The Sterrmen and Drucker methods 
are examples in point, and no difficulty resulted in the crystallizing 
tanks. 

CZAPIKOWSKI and Karuik ? work with after-products having a 
purity of 78 to 81. These are diluted to 62° Brix. in a carbonating 
tank; lime is added until the alkalinity is 0.2 per cent, and the tem- 
perature is then raised to 90° C. The after-products are sulphured 
until there is only a slight alkalinity when tested with phenolphta- 
lein. The quantity of lime used is about 40 kilos for a 550-ton plant. 
After sulphuring, the after-products are run through a sand filter. 
Experience shows that the decolorizing effects of this epuration 
are proportional to the amount of lime used, but this must be lim- 
ited because of the filters. The advantages claimed for the method 
are a good yield and an easy curing of the massecuites. 
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In the Racor method the first after-products from centrifugals 
are diluted to 27° Bé. Then 0.1 per cent of lime and 0.05 per cent 
of ‘‘Kieselguhr’’ are added, and the mixture is sulphured until 
the reaction is neutral with the phenolphtalein test. With litmus- 
paper, however, the reaction is alkaline. The sulphuring is done 
by the continuous QuarEz method. The crystallizing boxes are 
rather high, as there is a constant frothing tendency after sulphur- 
ing. The after-products thus treated are of a light-yellow color, 
and possess a sparkling appearance. ‘Their crystallization is sat- 
isfactory. 

Various modes of epuration.—Mention may be made of the 
RaNson process, in which hydrosulphurous acid is used, though 
this mode has to-day become almost entirely obsolete, and the 
same may be said of the use of ozone as an epurating agent. GER- 
BRACH and WiEcHMANN! proposed to boil the swing-outs from 
second-grade sugars with the oxid of an alkaline earth. Precau- 
tions must be taken to keep the temperature of the pan as low as 
possible, and under these circumstances certain volatile substances 
are liberated. An excess of an acid is added, for which purpose 
phosphoric or sulphurous acid may be used. The bases will be 
precipitated and the organic acids set free. After a second working 
in pan these are volatilized, and filtration, concentration, etc., 
follow. 

The Scuuutze method of working after-products consists in 
adding baryta and submitting the combination to a carbonatation. 
The filtration that follows is intended to separate the baryta car- 
bonate. MirreLsTaEpT? recommends special treatment for low- 
grade syrups that are to be worked in pan. The first operation 
consists in diluting them with water, adding 3 to 5 kilos of hydrated 
baryta and 10 kilos of carbonatation scums to a volume of one 
cubic meter, and then submitting the mixture to a sulphuring, so 
that the alkalinity is reduced to 0.02, expressed in lime. 

The Boor? method consists in submitting the after-products 
to a preliminary heating at 50° C. in a special apparatus with an 
agitator. To the heated mass 5 to 25 grams of zinc per hl. are added; 
sulphuring follows until a point of decided acid reaction is reached. 
After the syrups thus treated become colorless the temperature is 
raised from 75° to 95° C.; a ferro cyanid is added, to precipitate the 
zinc and traces of iron which frequently cause discoloration of sugar. 
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If the syrups are not sulphured they should be first heated, and then 
combined with 2 to 10 grams of the ferro cyanid per hl. of product. 
The organic precipitates are subsequently eliminated by filtration. 

BOckER has proposed to add to low-grade syrups alumina sul- 
phate, and then 3 per cent of lime. The liquor is heated to 80° C. 
(176° F.) and mixed with 1 per cent of barium chlorid, followed by 
a thorough agitation. It is claimed that the alkaline bases are fixed, 
and probably most of the calcic organic salts are surrounded by 
hydrate of aluminum. 

The Harm method has been applied not only to diffusion juices, 
but also to after-products. The different electrolytic methods have 
been tried on after-products with more or less success. The CassEL 
and Kemper ' process has been especially proposed for these prod- 
ucts. It is based upon electrodialysis and possesses the following 
special characteristic: An akaline salt is introduced into the cell 
of the anode, so that it is carried by the current into the electro- 
dialyzed after-product and prevents the hydrolysis by the acids. 
Up to the present time, such methods have met with very little 
practical success. 

Filtration of after-products.—A filtration before graining is 
frequently considered advantageous, as the after-products are 
always more or less cloudy, owing to the precipitations formed 
during their working in the vacuum pan. But as the weight of these 
precipitates is extremely small and the filtration of after-products 
is always difficult, even when they are diluted and mixed with 
porous substances, the utility of the operation is doubtful, accord- 
ing to CLAASSEN.? 

On the other hand, it is claimed that after the dilution with 
water the product at once becomes cloudy, and the same change 
is noticeable under the influence of sulphuring. The total precipi- 
tation may reach 0.182 per cent of the dry substance; however, 
in practice, this is seldom more than 0.04 to 0.045. Notwithstand- 
ing that this very small quantity has no important influence upon 
the purity, its effect upon the crystallization is very marked. The 
precipitate formed consists of organic salts of lime and iron, silica, 
and fatty substances. Oxalic acid may exist in quantities corre- 
sponding to 10 to 25 per cent of the total. Under these conditions 
the yield may be increased from 3 to 5 per cent by diluting the 
molasses to 60° Brix. 
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According to Marss, the filtration of after-products for the 
purpose of eliminating all mechanical impurities does not increase 
the purity coefficient, and no epuration properly speaking is realized, 
but there is a decided increase in the yield of crystallized sugar. 
The sugar has a high polarization and the molasses a low purity. 
The deposits on the filter presses are a gray-green and viscous. 
However, according to NruMANN, they contain 63.5 per cent of 
sugar and an actual purity of 76.4. One and one-fifteenth per cent 
of albuminoid substance may be an obstruction to the crystalliza- 
tion of these products. The filtered after-products have a fine 
rosy color. Karuik claims that, with a normal filtration, the after- 
products cannot contain any solid impurity, and if not diluted 
with water—even with distilled water—they become cloudy. The 
very small quantity of foreign substance that is thus precipitated, 
according to this authority, renders the syrups viscous, and when 
this is removed through filtration the sugar yield from these prod- 
ucts is increased. It is consequently recommended to dilute 
the after-products and then submit them to a thorough filtration. 
ANDRLIK ! points out that in concentrated syrups the non-sugar 
is in solution owing to the reciprocal action of one upon the other, 
the sugar upon the non-sugar, and that on dilution the equilibrium 
existing between them is destroyed and the non-sugar is again 
precipitated. 

Return of after-products.—There are numerous processes in 
which the after-products are returned to the juices during one of 
the phases of sugar manufacture. For example, it has been pro- 
posed to introduce them into the diffusion battery, the juices, the 
defecated juices, the carbonatation tank, during sulphuring, into 
the syrups as they leave the multiple effect, and finally into the 
pan during graining. As this is of greater importance than the 
other methods, it may be separately treated. Among these nu- 
merous processes, the return to the juices in the diffusion battery 
and during defecation have been the most in vogue. 

Return to the diffusion battery.—Manoury? took out his 
patent in 1885 for the return of the after-products to the diffusion 
battery. They were introduced without any special preliminary 
epuration and mixed with the beet slices in the diffusors. There 
followed an osmotic action, just the reverse of that which exists 
in the diffusion. As the percentage of saline substances is higher 
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on the exterior than in the interior of the cells of beet slices, there 
follows an osmotic pressure which tends to establish an equilibrium 
between the two different solutions. ‘The saline substances will 
consequently pass from the juice into the beet cells, thus effecting 
an epuration of the after-product. The crystallization that follows 
will be greatly facilitated, and the results obtained are very differ- 
ent from those that would have followed had the after-product 
been added to the juices after they left the battery. This method 
had considerable vogue in Russia and met with some success in 
France. 

Manoury points out that the process gives an increased yield 
of 2 per cent of the weight of the beet in first-grade white sugar, 
and a final higher yield of sugar with a decrease in the percentage 
of molasses. One of its objectionable features is the necessity 
of drawing off more than the usual volume of juice from the 
diffusor. Although the combination of after-products with beet 
pulp ! was proposed in Belgium before 1853, it had nothing to do 
with the principles of this mode. This same expert proposed to 
introduce rich after-products obtained in the white-sugar manu- 
facture in the juices before first carbonatation, they having pre- 
viously been made alkaline through the addition of either lime, 
strontia, or baryta, preference being given to the latter on account 
of its greater activity. ‘here is added to the diffusion juices from 
2 to 4 per cent in volume of this diluted and prepared after-product. 

In the ZscHEYE? method, from 2.5 to 3 per cent of lime and 
1.56 per cent of neutral after-product at 70° Brix. were added to 
diffusion juices heated to 75° to 80° C., which after a thorough 
mixing were carbonatated to an alkalinity of 0.1 to 0.12 per cent 
of lime; 0.04 per cent of barium chlorid was added (calculation 
made upon the weight of the beet) ,fand this was followed by filtra- 
tion. During second carbonatation, 0.5 per cent of lime is added; 
a carbonatation until the alkalinity is 0.07 to 0.08 follows, and then 
a sulphuring until it is 0.05. After filtration the alkalinity is brought 
to 0.02 by means of carbonic and sulphurous acid. 

ANDRLIK ? points out that the return of the avter-procucis to 
the ZscHEYE carbonatation only gives a slight increase of purity. 
The seums contain only very small quantities of salts, and there 
is no separation of nitric substances existing in the after-product. 
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This authority insists that the repeated cooking necessarily results 
in considerable sugar losses. In the primitive methods of the 
LorsiicH! brothers, after-products of a purity of 70 to 72 were 
neutralized by hydrochloric acid, heated, and returned to the juices 
during defecation. In order to obtain the maximum epuration, 
these experts recommend dry-lime defecation. For special reasons 
this process underwent some change, and their more recent method 
consists in returning to the juices the after-product from ‘‘firsts’’ 
with a minimum purity of 76, and submitting them to a preliminary 
_ heating at 95° to 100° C. It is claimed that a precipitation of the 
non-sugar follows. The numerous processes in existence are varia- 
tions of the STENZEL, ZSCHEYE, and LoEBLIcH methods, which have, 
during comparatively recent years, met with some favor. 

Advantages of these processes.—All these methods have in view 
an epuration of the after-products which will permit them to crystal- 
lize more readily. The actual realization of this epuration has been 
much discussed, but, argue as one may, the plan leads to an increase 
in first-grade sugar yields. 

CLAASSEN says that the lime in this case acts on the non-sugar 
under exactly the same conditions as it does upon fresh juices, 
it becomes evident that one cannot by this treatment obtain an 
epuration unless the previous defecation of the diffusion juices has 
been neglected, or effected at too low a temperature. It has never 
been demonstrated that the purity is increased by the action of 
lime upon the after-products, but, on the other hand, the treat- 
ment appears to facilitate crystallization, which is an important 
advantage that should be taken into consideration, and one that 
in some cases compensates for the trouble of saturation, filtration, 
and the additional expense. 

BorckerR,? on the other hand, claims that there results an 
elimination of non-sugar and organic substances; for, if such were 
not the case, it would be impossible to continuously introduce the 
aiter-product during a certain phase of working, and the work 
would come to a standstill after a very limited period, on account 
of the accumulation of impurities. Experience shows that the 
massecuites are perfectly normal. It is further claimed that the 
physical condition of the after-products is changed, and hence they 
crystallize more readily. This was at one time contested by 
CLAASSEN,? but his ideas on the subject have since changed. 
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SCHNELL’s ! experiments demonstrate that all the methods for 
the epuration of after-products are necessary when the beet juices 
have been submitted to the standard normal treatment in the 
factory; that is to say, at all the stations the juice is very clear 
and has a suitable alkalinity. 

The return of the after-products into ordinary or very pure 
juices acts most favorably during graining, partly because the time 
required to obtain the desired results is increased in proportion 
as the purity of the concentrated juices thus mixed and grained 
is lowered. If, for example, the amount of after-product added 
reepresents 3 per cent of the weight of the beets sliced, and has a 
purity of 78, the purity of the concentrated juice that was 92 falls 
to 90. Slow graining increases the sugar yield. 

Better results are obtained by introducing the after-products 
nto the vacuum pan proper rather than by mixing before the grain- 
ing has been started. The addition should be made towards the 
end of the strikes started with pure concentrated juice. This 
method is always applicable, while the one first mentioned should 
be used only for very pure juices; otherwise the resulting grains 
will have an ugly shape and the sugar obtained will be of an in- 
ferior quality. 

Objections.—Numerous complaints have come from refiners 
that, since the return of after-products to some phase of sugar 
extraction has been in vogue, the appearance of the sugar crystal 
is not satisfactory. LrpPpMANN considers that these complaints are 
justified. Without doubt, all foreign substances contained in the 
beet influence the shape of the sugar crystal, and, such being the case, 
there does not seem to be the slightest doubt that these foreign 
substances tend very decidedly to change the shape of the standard 
crystals. On the other hand, as the after-products, when introduced 
in pan, come in contact with a crystal that has a definite shape, the 
influence of impurities can be of only secondary importance. 
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RETURN OF AFTER-PRODUCTS INTO THE GRAINING PAN AND 
CRYSTALLIZATORS. 


Historical data.—The returning of the after-products to the pan 
and crystallizators appears to have been first suggested by WULFF, 
but his p.an was entirely different from that which is now in prac- 
tice. It was noticed that the lower portion of the after-products 
in the waiting tank contained a considerable quantity of crystals, 
some of which had escaped through the wire cloth of the centrif- 
ugal drum during the swing-out, while the others had been spon- 
taneously formed. ‘The idea was to remelt these crystals, and 
to force them to crystallize upon first-grade sugars obtained from 
pure beet syrups. The procedure was about as follows: 4 

A portion of the after-product from a previous strike, contain- 
ing crystals that had escaped from the centrifugal, was returned 
to the vacuum pan. These after-products were taken back until 
the volume of mother liquor treated became too great. The lower 
decanted portion, still containing a certain number of crystals, 
was removed, and the upper portion of the after-product was 
boiled to string test. 

In methods subsequently introduced by RAEYMAECKERS ?” it was 
proposed to handle the vacuum pan as usual, but to resort to con- 
siderable tightening. As these massecuites were difficult to re- 
move from the vacuum pan, it was recommended that a certain 
quantity of low after-product be drawn into pan, thus facilitating 
their removal. 

The Srerren-RAEYMAECKERS systematic graining process con- 
sisted of allowing the purity of the mother liquor to fall gradually 
by feeding the crystals with syrups according to the actual com- 
position of the mother liquor at each introduction of syrup. By 
the regular process of graining “firsts,’’ every introduction of new 
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syrups has the effect of increasing the purity of the mother liquor 
o: the mass being handled, while, on the other hand. the crystalliza- 
tion tends to decrease the purity of the mother liquor, this being 
the main object in view. These two actions, working in opposite 
directions, are more and more pronounced towards the end of the 
graining, when the mother liquor is at its lowest purity. The in- 
ventors ! declared that there was a constant danger of new crystals 
being formed in the comparatively pure medium, a phenomenon 
which could not exist if the purity systematically decreased. Con- 
sequently, if there are introduced into the mother liquors syrups of 
about the same composition as the medium in which the crystalli- 
zation was being effected at the moment considered, the mother 
liquor obtained would be more thoroughly exhausted of its sugar. 
The practical working of the process was about as follows: 

The first part of the graining is with syrup, and the crystals 
formed are the nuclei of the future crystallization. Portions of 
syrups of decreasing purity are successively introduced to feed the 
grain. Under these conditions there will remain, towards the end, 
only very inferior syrups, which may be almost entirely exhausted 
of their crystallizable sugar. The new formation of small crystals 
is thus obviated, while the mother liquor is systematically ex- 
hausted up to the maximum limit. To obtain a series of syrups 
of constantly decreasing purity, there are advantages in intro- 
ducing STEFFEN’s mode of refining, which will be described under 
another caption. If refining is not done in the factory, the syrups 
of the desired ‘purities may be obtained by combining in the proper 
proportions the after-product with pure syrups. 

RIMBAULT ? recommends that the entrance valve to the pan for 
the after-product be gradually opened, while that for the pure syrup 
be gradually closed. The newer patent of Sterren and Rary- 
MAECKER is very different, and from a practical standpoint has many 
advantages. The idea on which it is founded is as follows: If one 
wishes to transform a massecuite into crystallized sugar and mo- 
lasses, it is necessary that, in the composition of the mother liquor, 
the water and the non-sugar be in the same relative proportions 
as in molasses, that is to say, as 1:2. This proportion does not in 
general exist after the final tightening. Two methods have been 
proposed to attain this result. The first consists in reducing the 
water in the massecuite, but a hard, dried product results, and 
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so preference is given to increasing the quantity of non-sugar 
in the product by introducing after-products until the purity falls 
to 82. The tightening then is to the limit of 7 to 8 per cent of water, 
under which conditions the proportions between the water and 
non-sugar is as 1:2. 

MALANDER says that in a factory at Ghent (Belgium), during 
1894-95, the graining was commenced in the ordinary way. ‘The 
tightening was excessive, leaving only 4 per cent of water. The 
after-products, diluted to 60° Brix., were introduced, the volume 
depending upon their purity and that of the massecuite, the final 
mixture having a purity of 82. The graining was completed so that 
there remained from 7 to 8 per cent of water, and the product run 
into the crystallizators, where it was agitated for from 18 to 20 hours. 
During the cooling there was introduced an after-product at 60° 
Brix, so that the average water of the mass was 8 per cent. 

At the same period the Manoury method was made known, and 
later complicated litigation was begun as to the priority of the 
patents. Numerous factories in France were paying a royalty 
and others were not. The indemnity that this expert could have 
claimed would have been enormous, but upon some trifling detail the 
case was decided against him. ‘The process was combined with 
the manufacture of superior white sugar in the factory. By it 
are obtained two forms of after-products of different qualities, 
that is, the regular “first molasses’’ and the rich after-products 
resulting from the washing of the sugar. The graining is conducted 
as usual with syrup from the multiple effect until the pan is two- 
thirds full, when the rich after-products are introduced, and, after 
the entire quantity from a previous strike has been added, the regu- 
lar after-products are drawn in, filling the remaining one-third of 
the pan. The tightening continues until there is from 6 to 7 per 
cent of water in the massecuite. Later MaANoury recommended 
that the tightening be stopped with 8 per cent of water. The strike 
is run into refrigerating appliances and water is added, in the form 
of diluted after-products, to redissolve the small crystals that may 
have been formed, and to maintain the fluidity and the purity of 
the mother liquor, as they existed in the massecuite when it left 
the pan. The centrifulgaling commences when the temperature 
of the mass is at 40° C. 

The processes that have been the outcome, directly and in- 
directly, of this idea, are very numerous. In fact, while each beet- 
sugar factory works upon some variation introduced by its techni- 
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cal manager, it is always possible to see its similarity to the method 
just described. 

The greatest variation exists in the period at which the after- 
product is added. In some factories the crystal is allowed to reach 
a certain size, approaching its limit, before the after-product mix- 
ing, and under these circumstances the volume added is compara- 
tively small. On the other hand, the after-product is sometimes 
drawn into pan just at the instant when the grain begins to be 
visible; in this case the volume added to the massecuite is quite 
large, and a second-grade sugar that is crystallized around the 
nuclei of “‘firsts’’? is obtained. The reverse occurs in the first case, 
for then the large crystal is simply fed with that furnished by the 
after-product. 

At the Meaux (France) beet-sugar factory, both of these modes 
as adopted by Racor are applied. The graining of firsts is about 
the same as already described, but with the difference that the 
coefficient of supersaturation is never allowed to exceed a certain 
limit. When the grain has been well-formed, about 40 per cent 
of the after-product is drawn in, having been previously diluted 
to 35° Bé., and submitted to a certain epuration described under 
another caption. The strike when finished is at about 85° C., and 
contains about 10 per cent water, that is to say, it has not been 
tightened. It is cooled after seven or eight hours to 45° C., and is 
then run into the centrifugals. White sugar being made, the swing- 
out from centrifugals is divided into after-products from “firsts”? 
and rich after-products. The rich after-product is mixed with the 
syrup from the multiple effect, the green molasses being diluted, 
epurated as previously described, and, to a limited extent, intro- 
duced into pan during the graining of “firsts.” What remains 
is separately grained. ‘The strike is finished at 85° C., with 10.5 
per centof water. It is cooled, and after 36 hours hasa temperature 
of 30° to 40° C. and is centrifugated. The swing-out of ‘“seconds”’ 
has a purity of 58 to 59, and may be considered as molasses. 

The Hucu and LAuKE process may also be cited. The masse- 
cuite in this case is excessively tightened, and is run into closed 
crystallizing tanks with suitable agitators, described under a 
previous caption. This mass contains a certain number of small 
crystals, which will be used to feed the larger crystals. With this 
idea in view, a quantity of water is drawn into the pan to dissolve 
the small grains, and then follows a slow boiling in the crystallizator, 
which is put in communication with the condenser to this end. The 
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mother liquor is concentrated, and the sugar of the redissolved small 
crystals will deposit on the larger ones. Later, with the idea of 
dissolving the false grain, diluted after-product was used instead 
of water, and little by little the method was changed to that of 
graining in pan with after-product introduction. It is interesting 
to note that it was in the Hucn and LAvKE closed crystallizators 
that the principle of carrying the massecuite by compressed air 
and vacuum was first introduced. 

Special conditions for graining.—As after-products will not 
 erystallize with the same rapidity as pure beet syrups, certain con- 
ditions must evidently be maintained in the pan in order to bring 
about the object in view. It has already been explained how im- 
portant it is in such cases to keep the mass tighter; the coefficient 
of supersaturation should be somewhat higher, and the duration 
of the strike longer. As the quantity of water to be evaporated is 
proportionately less than with standard syrups, and as this obstructs 
the crystallization, the product being not kept in motion, it is 
advisable to dilute the after-products to 35° Bé., unless suitable 
graining pans with agitators, as previously described, are available. 

In some factories it is customary to conduct the graining under 
particular conditions. From the moment the grain is sufficiently 
developed, there are alternately introduced into the pan after- 
products and syrups from multiple effect, and the strike is com- 
pleted with the final introduction of after-products. This pro- 
cedure is a mistake. The only correct way, used almost everywhere 
at present, consists in developing the crystals into a given size, to 
tighten the mass as much as possible in order to lower the purity 
of the mother liquor, and then to continue the strike with the after- 
product. 

Working of mixed massecuites.—The handling of mixed masse- 
cuites demands more attention than that of pure syrup, as any 
mistake committed causes serious difficulty during the swing-out 
operation, CLAASSEN recommends two different methods for work- 
ing in the crystallizators. In one case the massecuite is emptied 
from the pan with a mother liquor of a certain concentration, so 
that the coefficient of supersaturation shall be about 1.38. <A pro- 
duct of this kind containing from 6 to 7 per cent of water cannot 
at first be cooled, but should be kept for several hours at 75° to 
80° C., its temperature when emptied from the vacuum pan. The 
supersaturation is then so high that new crystals would be im- 
mediately formed if it were increased by cooling. It is only when 
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the coefficient of supersaturation has fallen to 1.2, owing to the 
crystallization, that gradual cooling is possible. When the tem- 
perature has fallen to 60° C., after from 18 to 24 hours, the 
diluted after-product can be added continuously until the mass 
with which it is mixed becomes sufficiently fluid to be worked in: 
centrifugals. The work is completed when the temperature has 
fallen to 55°. 

As one may commit certain errors in the handling of very 
tightly grained massecuites, experience shows that there are many 
advantages in having them of a certain dilution. Evidently, in 
this case, the product may also be tightened, so that the mother 
liquor has a coefficient of supersaturation of 1.3, which is recom- 
mended as a standard. After the pan is emptied, the water result- 
ing from steam cleaning may be allowed to run into the crystal- 
lizators, or a certain quantity of hot diluted after-product may be 
added, whereby the supersaturation of the mother liquor will fall 
to 1.5 or 1.2. This moderately tightened massecuite contains from 
8 to 8.5 per cent of water, and may be cooled at once and in a 
reasonably short time, under which circumstances, after 15 or 20 
hours, it may be advantageously handled in the centrifugal, when 
the temperature has reached about 50° or 55° C. By this method 
of working, no false grain will be formed, and there is no necessity 
of diluting the grained mass; less sugar, however, is obtained than 

with a tightened and non-diluted product. 

| Limit of exhaustion.—By the usual working of light masse- 
cuites, the purity of the after-product is 75, and even this is attained 
only when the tightening operation continues over a long period 
with after-products in pan, while, with a tightly grained mass, the 
purity may fall below 70. This condition demands considerable 
attention, and, unless it is given, the final massecuite is difficult to 
work in centrifugals, and, to be satisfactorily handled, must be 
reheated and diluted, which always causes a remelting of sugar, 
and results finally in a decrease in yield. 

Apparently there is no advantage in pushing the sugar crystal- 
lization of a mother liquor too far, that is, in a first massecuite, for 
the reason that too large a number of vacuum pans with agitators 
and crystallizors would be needed. Usually a purity for the after- 
product of 75 is considered satisfactory; very few sugar factories 
get lower than 70 or 72, while many, on the other hand, remain 
‘ above 75. In order to obtain perfectly white sugars, the desugari- 
zation of the after-product should not be pushed too far. 
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Return of the after-products to the crystallizators.—The method | 
that has been just described necessarily demands a considerable num- 
ber of vacuum pans or appliances of exceptional size. STEFFEN and 
RAEYMAECKERS proposed to overcome the difficulty in the appli- 
cation of their process by adding after-products to the massecuite 
in the crystallizators, so that the purity of the mass is lowered to 
82. Other inventors have proposed to add to the crystallized mass 
in the crystallizators variable quantities of concentrated after- 
products which have been concentrated separately. The work of 
crystallization that has been started in the vacuum pan is continued 
in crystallizators, in which the product is boiled further. In reality, 
as there is no method of controlling the exact saturation, new 
crystals are always formed, which should be dissolved when brought 
in contact with the diluted after-product, and this evidently com- 
plicates the regularity of the crystallization. It is for this reason 
that one does not practically obtain by these processes better re- 
sults, as when the saccharine solutions are crystallized in the vacuum 
pan and simply cooled down in the crystallizators. 

Importance of eliminating part of the after-product.—Iif all the 
swing-outs from the centrifugals during the handling of the “firsts”’ 
were continually returned to the massecuite, the volume of the 
final mother liquor would attain enormous proportions alter a 
very few days. A certain portion must consequently be put to 
one side to produce the “‘seconds,’”’ and the factories differ in their 
arrangements for effecting this. Insome cases all the after-product ~ 
is put aside after two,.three, or four strikes; others boil into the 
crystallizing tanks a portion of the after-product from each strike. 
There are many arguments for and against these different methods. 

CLAASSEN! has made a series of experiments to determine just 
what the conditions are for the boiling of a juice that has been 
several times taken back. It was concluded that the evaporation 
of the concentrated pure and impure solutions demands a com- 
paratively great fall of temperature, which must be increased with 
the number of times the graining has been repeated. It is to be 
noted that there is no special variation in the chemical composition 
before and after graining. On the other hand, -with diluted solu- 
tions, a fall of a very few degrees is sufficient to keep up an active 
boiling, while, with concentrated solutions, the boiling ceases with a 
fall of temperature varying between 16° and 27° C. A strange fact 
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noticed is, that molasses is more readily cooked than purer after- 
products, the concentration of which offers certain difficulties. 
This would tend to show that the difficulty is caused, not by the 
non-sugar alone, but by its combination with the sugar. This diffi- 
cult concentration prevents vapor bubbles from forming with a 
slight fall of temperature. Neutral solutions of sugar will boil 
readily under normal conditions only after the first graining. 
Alkaline solutions have keeping powers, and can be cooked after 
having been submitted seven times to this operation. The viscosity 
does not correspond with the difficulties of graining. When to 
diluted after-products lime is added, the viscosity will be dimin- 
ished, but not the difficulties of working. ‘To conduct a graining 
under satisfactory conditions from first to last CLAASSEN says that 
the fall of temperature should be at least 25° C. The steam should 
be at a pressure of at least 0.25 of an atmosphere for the ‘‘firsts,’’ 
and from 0.4 to 0.5 of an atmosphere for after-products, supposing 
that the heating surfaces are sufficient to boil slowly, and that some 
mechanical means are adopted for assisting the action of the steam. 
For water to boil, there must be a difference of temperature cor- 
responding to about 6° C. For saline solutions, this difference is 
very much less, while, for solutions of calcium chlorid, it varies from 
2.4° to 4° C. This explains why molasses boils more readily than 
after-products. 


CHAPTER VI. 
CURING AFTER-PRODUCTS. 


Practical hints.—Massecuites from after-products may be sep- 
arated into mother liquor and sugar of more or less purity by all 
the processes that are applied to “firsts.”” However, the centrif- 
ugating presents certain characteristic features. The drum of the 
centrifugal is gradually filled during its full working. If th> feed- 
ing of the load is too rapid, the molasses can no longer find its way 
through the sugar, which causes a marked oscillation of the ap- 
paratus. This motion largely depends upon the viscosity of the 
mass being handled; hence the load in the drum must be smaller 
than in the case of massecuite from “firsts.” 

The completion of the operation is ascertained by simply placing 
the shovel of wood between the outer casing of the centrifugal and 
the drum, in which case no more molasses are projected upon the 
shovel, or by holding it against the sugar in the interior of the drum. 
If the operation is finished, there will be a white impression; if, on 
the contrary, it is dark in color, the spinning must continue. Care 
must be taken by such tests that the shovel is not held in the opposite 
direction to that of the centrifugal’s motion; otherwise accidents 
are apt to occur. 

It frequently happens that when the mass from after-products 
is too viscous, and the sugar crystals are not of the proper shape, 
the sugar cannot be separated during the centrifugaling, and one 
must then resort to dilution or heating to lessen the viscosity. The 
after-products obtained with the priming sugar of “seconds’’ and 
“thirds”? frequently are difficult to centrifugate, on account of the 
very flat shape of the sugar crystals. 

Draining after-products.—During a period of years, centrif- 
ugating was confined to “firsts,” and the “seconds’’ were allowed 
to simply drain off from the SCHUEZENBACH boxes. While this idea 
went out of vogue for a time, a number of French factories have 
of late years again introduced it under a modern form. In the 
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Duray method, the after-product from ‘“firsts’’ is grained to string 
test and sent to crystallizating tanks, which are very high and long 
but narrow, and have a trapezoidal section. They are cooled by a 
current of air, and the crystallization lasts twenty-four hours. At 
the bottoms of these crystallizating tanks are wire cloths and plugs 
to allow the draining off. The wire cloths are cleaned with a jet 
of steam, and the massecuite is allowed to drain for twenty-four 
hours. The drained mass is reheated with live steam, and then 
again allowed to drain for fifty-six hours. The second carbonata- 
tion juices are introduced into J (Fig. 174) through the valve, N. 
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Fig. 174.—Duray’s Method of Curing After-products. 


These juices become saturated with sugar and run into the reservoir, 
A. As long as they have not the desired density of 25° to 30° Bé., a 
pump, P, forces them through a reheater, M, the reservoir, B, the 
pipe, D, and the valve, Q. Under these conditions the juices be- 
come more and more charged with the drained sugar, the purity 
of which is about 90. When sufficiently concentrated, it is allowed 
to run off at Y into the reservoir, #, from which a pump, F’, forces 
it through the reheater, 7’, the reservoir, G, and the Pururpre filter, 
H, and then into the receptacle, K, from whence it is drawn into the 
vacuum pan. 

Another French process, which hes attracted some attention, 
is that of Bourtton. The after-product of “firsts’’ is grained in 
accordance with well-known methods, and the final product con- 
tains 8 per cent of water. The massecuite falls into seven mixers 
and is left to cool. In order to obtain the desired fluidity, molasses 
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previously heated to 75° C. is added, and after three days, when 
its temperature has fallen to 35° or 40° C., a pump forces it to the 
draining station. It is essential for success that this latter opera- 
tion should not commence before the mass is at 40° C. There are 
six drainers, which consist of sheet-iron receptacles 1 meter in 
length, 0.7 meter in width, and 0.35 meter in height, with a capacity 
of about 2 hl. They may be made to revolve, and in their interior, 
at a few centimeters from the bottom, is a perforated wire cloth 
with rectangular openings 1 to 2 mm. in width. The bottom has a 
special opening for emptying. These drainers may be closed with 
covers worked by a hydraulic piston, and each cover may be con- 
nected with a compressed-air reservoir. ‘The compressed air enters 
at a pressure of one kilo, and may be heated during its passage in 
calorizators, but this is not absolutely necessary. 

When the operation is to commence, the hydraulic piston raises 
the cover; the drainer is then filled with second massecuite, the 
cover is placed in position, the joint is tightened, and the com- 
pressed-air valve is opened. ‘The pressure exerted upon the surface 
gradually forces out the mother liquor or molasses. The length of 
this operation depends upon the viscosity, the temperature, and 
the size of the crystals of the massecuite, but as a general rule 
it lasts from 5 to 15 minutes. When air begins to escape at the 
bottom the operation is ended, the cover is removed, and the 
drainers are made to revolve. The mass thus drained falls into a 
hopper communicating with the carrier that deposits it in the 
erystallizators of “first molasses.” 

It is concluded that this method of working gives satisfactory 
results, only provided there is a certain homogeneity in the size 
of the crystals, and, further, the viscosity as low as possible. At 
first, difficulties were experienced in determining the most desirable 
limit of draining. The early experiments were with a suction 
device, but numerous difficulties arose, and the final conclusions 
were in favor of compressed air. 

Usage of after-product sugar.—In the two preceding methods 
it was shown to what use the after-products may be put. In 
some countries this commodity is much sought after on the market, 
especially when the graining has been properly conducted. It is 
to be noted that, when this after-product sugar is made for exporta- 
tion, the centrifugating is so arranged that it may have a refining 
yield of 70 to 80. Under these conditions the quantity of after- 
products of “seconds”’ is considerably decreased. On the other 
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hand, in countries where these sugars are not sold on the market, 
it is often customary to mix them with sugar, or first massecuites, 
especially when the crystals are about standard. Of late it has 
become customary to redissolve them in the juices, under which 
conditions the crystallization is better and the product is more 
readily sold. 

According to BERKEFELD, it is more economical and profitable 
in the long run to melt up the after-products and add them to the 
second carbonatation juice, provided, however, that this sugar has 
a purity coefficient higher than the beet syrup. The purity of the 
juice under these circumstances would be raised, and the ultimate 


quantity of first-grade sugar extracted would be increased. For 


example, if a massecuite has a purity of 90 and gives 70 per cent 
of sugar, with 91 purity there would be obtained 734 per cent of 
sugar. The influence of this increase is particularly evident when 
inferior beets are being worked, or when, in other words, the juices 
do not readily crystallize. Furthermore, it is claimed that the 
remelting of the after-products and their addition to the juices 
of second carbonatation economize labor and decrease the cost of 
manufacture. 

According to ZscHEy®, there is a limit at which the remelting 
of these sugars is no longer profitable. According to this authority, 
the best results are obtained with sugars that have a refining yield 
of 79 to 80 per cent. When it is intended to redissolve the sugars 
in the juices, there are advantages in pushing the swing-out opera- 
tion as far as possible; but it would be a mistake to resort to steam 
curing to attain a better quality of sugar, as the purity of the 
resulting swing-out would also be higher. The sugar is dissolved 
either in the filtered first-carbonatation juice or in the syrup, the 
former offering advantages over the latter, for the reason that the 
solution is more readily accomplished, and, furthermore, a por- 
tion of the impurities may be separated through subsequent filtra- 
tion. 

Leurke ! finds an advantage in dissolving the second and third 
sugars in the centrifugal itself when the molasses has been sep- 
arated. The sugar is dissolved in water or hot juice, and the sac- ’ 
charine juice thus prepared is run through a filtering cloth to sep- 
arate the particles in suspension. All this is accomplished without 
bringing the centrifugal to a stop, and at very little cost of labor. 
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Attention is called to the importance of closely watching the working 
of the centrifugal, to make sure that the swing-out operation is 
entirely finished before the remelting commences. Special cen- 
trifugals can be used for this purpose, and will be described under 
the caption of Sugar Refining in Factory. A special pump forces 
these remelts into carbonatation tanks. 

Care to be given to centrifugaling of after-products.—The 
swing-out operation of after-products should be conducted with 
great care, so as to obtain the greatest amount of sugar. The 
“firsts’’? and “second molasses’? should be kept entirely separate; 
otherwise the time necessary for obtaining the final molasses 
would be increased. Great stress should be placed upon thorough 
cleanliness. 


Ee cInc Level: 


MANUFACTURE OF WHITE SUGAR. 


CHAPTER I. 
GRANULATED SUGAR. 


General considerations.—The sugar obtained through centrife 
ugating, as has been described in the foregoing, is not ready for 
consumption, as there still adheres to the surface of the crystals a 
syrup which gives the product an objectionable flavor and odor. 
The swing-out operation can be continued by the addition of a 
cleare, which curing would give a final white sugar. But refiners 
prefer to remelt the raw sugar, and subsequently to submit it to 
various manipulations and final crystallization. Some beet-sugar 
factories are built in order to manufacture every kind of refined 
sugar under the same conditions as in the refinery; but, as much 
more labor is needed to produce these refined products than for 
the raw sugar, this work is frequently continued after the beet-sugar 
campaign is ended. | 

When the manipulations in the factory have been conducted 
in accordance with the accepted scientific principles, it is possible 
to grain granulated or crystallized sugar sufficiently white and pure 
to enter into consumption without any further handling. When 
there is no market demand for such sugars, the curing proper is 
not resorted to, and the sugar is only partly freed from its adhering 
syrup. This slightly yellow raw sugar is sold directly to the refiner. 

Remarks respecting graining.—When it is desired to manu- 
facture perfectly white sugar, the syrup boiled in pan must be as 
pure as possible. It would be a mistake to draw in the after-prod- 


ucts of a previous strike. If the growing crystals in pan during 
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the operation of graining were fed with such molasses, the layer of 
sugar that would be deposited upon the crystal already formed 
would carry with it a certain quantity of the after-product, which 
is of an almost microscopical volume, but yet is sufficient to impart 
some color to the final sugar. If after-products are introduced into 
the pan, it must not be done with the idea of increasing the size of 
the crystals, but for the purpose of rendering the mass more fluid 
towards the end of the strike. 

The graining is begun under the regular conditions. The co- 
efficient of supersaturation should be rather low and the nucleus 
of the strike comparatively small. The grain obtained should be of 
a size determined upon in advance, and it is essential that the size 
be kept down, for the larger crystals are not readily disposed of on 
the market. Upon general principles, it may be said that the 
lighter the syrup is, the harder and brighter will be the ultimate 
crystals. On the other hand, with thick syrups exceptional care 
must be given to the working of pan. Ample time should be al- 
lowed for completing the strike. When the operation is finished, 
it is supposed that the mass retains from 7 to 11 per cent of water, 
Of late, however, there appears to be a tendency in favor of leaving 
a comparatively high percentage of water. In fact, no tightening 
is thought necessary; for the increased yields obtained by this 
method do not compensate for the increased loss during the 
centrifugating necessary to remove the syrup adhering to the 
crystals. ; 

Preparation of the massecuite.—For the preparation of crystal- 
lized sugar, the massecuite at first is worked in the centrifug: 1 just 
as if raw sugar were the object in view. It is important not to 
allow it to cool, so that as much syrup as possible may be swung out. 
The after-product which has not been removed by centrifugal 
force is washed from the crystals by means of water, steam, or a 
supersaturated sugar solution known as a cleare. Care should be 
taken that as litile of the crystals as possible be dissolved. 

Centrifugals for granulated sugars.—Granulated sugars may be 
obtained in all centrifugals used for the swing-out of raw sugars, 
provided, however, that certain rules be followed. As a general 
thing, the best results are obtained by the use of special centrif- 
ugals when a given type of granul ted sugar is the object in view. 
Upon general principles, preference is given to large-diameter cen- 
trifugals, as they require less labor and do not cool too rapidly. 
It is to be noted in regard to this cooling that in certain factories 
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the outer casing of centrifugals are surrounded with boards, or some 
non-conductor. 

The spindle, drum, etc., of these centrifugals have no special 
characteristics. The portions for the distribution of the cleares 
used for curing the sugar, and the provisions made for the exit flow 
of the various after-products, will be described under the next 
headings. 

Separating the swing-outs.—During the washing, an. after- 
product of a higher purity than that of the mother liquor is ob- 
tained. In theory ail the last parts of the swing-outs should be of 
the highest purity, so that the cured sugar may be absolutely pure. 
It necessarily follows that the last cleare used should permit the 
realization of the object in view. In practice, the swing-outs under 
consideration have a purity a fraction higher than that of the 
syrups leaving the multiple effects. If these separated rich after- 
products are mixed with the lower-grade syrups, the final labor 

eeded for their exhaustion will be increased. Hence ettorts have 
been made to classify these after-products. The higher grades 
may be readily returned to pan during the graining of firsts, or to 
any other preceding phase of the manufacturing process. In some 
sugar factories they are again used as cleares. As early as 1852 
PrrRiuR ! recommended this swing-out classification. 

The simplest device for after-product separation consists in 
placing an oscillating plate under the exit pipe of the after-products, 
and over two separated gutters corresponding to separate tanks. 
As soon as the swing-out syrup seems to be much lighter in color, 
the direction of the plate is changed, and the higher-quality product 
is sent ‘into the other gutter. For the separation of these syrups, 
it is essential that the centrifugating of each load last long enough 
for the green syrup to be well out of the drum before tne cieare 
used for curing is introduced; and for the same reason the cleare 
should be thoroughly removed before a new load is introduced into 
the drum of the apparatus. The separation of the after-product 
is consequently more effectually accomplished in large centrifugals, 
which spin for a longer time than the smaller appliances. It is self- 
evident that many more centrifugals are needed for manutacturing 
white crystallized sugar than are required for brown sugar. 

Natner has proposed an arrangement that is almost auto- 
matic in its working. At the beginning of the centrifugaling a 
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certain quantity of syrup from the previous operation is still ad- 
hering to the drum of the apparatus. The first portion of the after- 
product that runs off passes by the exit pipe and the distributing 
trough, A (Fig. 175), and flows into JJ. At first the green syrup car- 
ries with it the high-grade after-product from the preceding opera= 
tion. Its flow is comparatively slow at that moment, but little by 
little the volume becomes greater, and at the same time its purity 
decreases, as all the rich after-product has been carried away. At 
that instant the greater weight of the molasses has displaced the 
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Fic. 175—Nauprer After-product Classifier. 


centre of gravity of the plate, causing it to revolve and to distribute 
the after-product into JJJ. The exit flow decreases again when 
the curing commences, the plate takes its former position, and the 
rich after-product, driving before it some of the inferior molasses 
with which it mixes, is again distributed into JJ. When the swings 
out is no longer mixed with the lower-grade molasses, A is raised to 
A’, and it flows into the gutter, J. 

ABRAHAM! has an automatic classifier that has met with some 
favor. It consists of a moving but balanced receptacle, having at 
its bottom a series of holes, which allows the after-product to escape 
freely as long as its volume does not exceed given limits and it is not 
too viscous. By simply regulating the counterpoises of the plates 
that guide the after-products into the reservoir, it becomes possible 
to classify these swing-outs according to their viscosity. 

_ However, in most factories attempting to classify the after- 
products according to the variation in the purity, there is never 
more than five or six units difference between the purity of the 
richest and poorest. This does not seem satisfactory when one 
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considers that the green molasses from a good massecuite has a 
quotient of 74 and the swing-outs from the curing are only 80, 
while a certain portion of the same certainly attains a purity of 
95. This is explained by the fact, as previously pointed out, that 
there is always a certain quantity of syrup still adhering to the in= 
side of the casing of the centrifugal, which, even after considerable 
spinning, cannot be eliminated, owing to its viscosity. LUBINSKI 
and KrasEwsk1! have attempted to overcome this difficulty by 
introducing steam between the centrifugal and its casing after 
the first stage of the swing-out operation is terminated, with the 
result that there is a thorough removal of all the green syrups. 
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Fig. 176.—SupENnBuRG’s Works After-product Classifier. 


There necessarily follows a dilution, which means more water to be 
evaporated when these after-products are again grained. 

A very interesting arrangement for the classification of after- 
products, which was in a measure a starting point for numerous 
other devices, is MALANDER’s centrifugal, from which, it may be said, 
derives the device of the SuDENBURG’s works. The latter (Fig. 176) 
consists of a drum, A, surrounded by a conical casing that revolves 
with it. The after-product projected against it, under the influence 
of the centrifugal force applied upon an inclined plane, is forced 
downward and flows very rapidly along the sides, and none of the 
green molasses remains adhering to it. At the lower part of B the 
after-product escapes rapidly, being projected against a ring, C, 
and then run off through the gutter, H. Assoon as all appears to be 
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ready, the second operation, or actual curing, commences. The 
ring, C’, is lowered by means of the lever, G, and the rich after- 
product is thrown out into D. There is thus no mixing with the 
green syrups. 

The KussLer arrangement is shown in Fig. 177. It is provided 
with an exterior envelope, arranged very like a Venetian blind; 
in Fig. 178 is another section, showing the position of the blinds when 
closed at top and bottom. Between the outer iron casing of the 
centrifugal, a, and the drum, b, are placed the portions of the blinds 
under consideration. They consist of slightly conical rings, c. 





Fria. 177.—Keussier Classifier (Open). 


Any portion of the separated after-product that is projected against 
c soon finds its way to the collecting trough, ¢, at the bottom, from 
which it escapes by the orifice, 7. When the blinds have the posi- 
tion shown on Fig. 178, the after-products run off through d. The 
blinds may be raised or lowered by simply displacing weights 
acting as counterpoises. 

Numerous experiments have been made to introduce the con- 
tinuous centrifugals in factories manufacturing white sugar, 
especially the type of iSzczENIOWSKI and PIONTKOWSKI that was 
fully described in another chap‘er. However, all attempts in this 
direction" have not proved successful, for the reason that certain 
essentials in the manufacture of granulated sugar are destroyed by 
a continuous centrifugal; for example, as previously mentioned, 
thes » sugars are not homogeneous, which alone would prohibit 
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their use, and the crystals are frequently broken, which would be 
an additional objection. 

Use of cleares.—As early as 1851 Gwyne! suggested tnat ce - 
trifugals be used for the maufacture of granulated sugar.’ He pro- 
posed that water or after-products be used as cleares for the curing. 
When a saturated solution of pure sugar is used as a cleare, no sugar 
is dissolved, and thus all the sugar crystallized is obtained in the 


form of crystals. But as a certain amount of sugar is dissolved 








Fia. 178.—Kessuer Classifier (Closed). 


for the preparation of the cleare, and as these cleares become mixed 
with the impure after-products during the swing-out, they can no 
longer be used for their original purpose, which lessens the actual] 
yield of crystallized sugar. 

As has been pointed out, the cleare of best quality consists of 
a pure-sugar solution, sufficiently dense (say 35° to 38° Bé.) so as 
not to dissolve the sugar crystals with which it comes in contact 
while in the drum of the centrifugal. If the cleares are used alone, 
that is to say, if steam and other adjuncts are not employed. their 
purity plays an important réle, especially that portion which is 
last to wash the sugar crystals, as, if not pure, it leaves in the sugar 
an objectionable taste. The best way of preparing a cleare i to 
dissolve pure sugar in water, using for the purpose sugar having a 
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low market quotation, owing to the size of its crystals, irregular 
aspect, etc. 

No special rule can be given as to the quantity of cleare that is 
desirable for curing, as it depends upon the degree of tightening 
of the massecuite, the size of the crystals, and the quality desired 
for the final sugar. The amount should be as small as is practicable, 
as to prevent to raise the purity of the after-products and increase 
their volume. Various methods have been adopted for the intro- 
duction of the cleare upon the massecuite. It may be sprayed 
on by means of a tube, or simply thrown in the centrifugals by 
means of small cups of a known capacity. The question of the 
temperature at the cleare has been much discussed. ANSEL and 
BEAUDET! recommend that it have the same temperature as the 
massecuite. 

For regulating the entrance of the cleares into the centrif- 
ugals, Hruska? used an injector. A small pipe runs from the pipe 
holding the compressed gas to the upper part of the receptacle 
holding the cleare, so that it has the same pressure as that of the 
compressed gas. This pressure, in all the variations arising, is regu- 
lated by suitable valves, and the cleare is introduced upon. the 
sugar under such conditions as circumstances may demand. In 
order to ascertain with considerable accuracy the volume of cleares 
used during sugar purging in centrifugals, WEINMANN and LaneEr? 
proposed to place over each centrifugal a small reservoir with an 
overflow, and an entrance and exit valve for the liquor, with a 
graduated level-indicator. 

It may happen that, notwithstanding the care given to the 
curing, the granulated sugar left on the drum of the centrifugal will 
still be slightly colored, and, with the view of removing this color, 
a final cleare is used, to which is added marine blue 0.0. in sufficient 
quantity to cover the yellow tinge of the sugar, making it appear 
whiter. It is important in such practices, which are generally in 
vogue in the United States, not to use the product in excess, or 
a blue-tinted sugar, which is even more objectionable to the eye 
than the yellow, will result. The marine blue is the only substance 
allowed by the countries of Continental Europe for this purpose. 

Very naturally, purchasers of sugar continually protest against 
the use of coloring substances to give sugar a specified shade. Some 
chemists have declared that the marine blues are poisons; but, if 
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such were the case, the entire Russian nation would long since have 
been killed, for no beet-sugar-manufacturing country pushes the 
use of that chemical to the extent that they do. Baumert swale 
lowed half an ounce of the marine blue at one time and suffered no 
inconvencience, which proves how very inoffensive the small quan= 
tity of the substance under consideration must be. It is interesting 
to note that blued sugars, aftera period of keeping, have a grayish 
tint, especially when left in a damp place for a time. Hrrzreup! 
claims that this change in color is due to an inner transformation 
of the blue with formation of a ferrous sulphid. 

Drost and Schulz process.—Thirty years ago MarGurERITTE ? 
proposed to use the multiple-effect syrups, concentrated to 35° Bé., 
as cleares for curing sugar. This idea was taken up and put into 
practice, with certain improvements, by Drost and Scuuuz.2 The 
massecuite in-the centrifugal is freed as far as possible of its green 
syrup during the swing-out in the centrifugal. The outer casing 
of the apparatus is then moderately heated to facilitate the flow 
of the after-product; and when this has escaped into a special gutter, 
the curing commences with a syrup of 66° Brix as it leaves the 
multiple effect. About 10 per cent of cleare is used. The sugar 
then has a polarization varying from 99.2° to 99.6°. As it still has a 
slightly yellow appearance, dry steam is introduced between the 
drum and the outer casing. The curing with steam means the solu- 
tion of from 2 to 3 per cent of crystals; but the purity of the rich 
after-product allows it to be introduced into pan during the grain- 
ing of firsts. It is generally admitted that, by the process under 
consideration, a massecuite containing 86 per cent of sugar and 
having a purity of 91.5 will yield from 63 to 64 per cent of sugar 
polarizing 99.7°. The green syrups, or first swing-outs, have a 
purity of 71. The sugar obtained is sifted. Some of the leading 
authorities hold that this procedure does not possess the advan- 
tat-s of economy claimed for it. 

Swing-outs used as cleares.—Impure cleares can be used for 
curing sugars, provided the first curing is followed by a second, 
which consists either of a steaming, or working with water, or a 
pure-sugar solution. After-products diluted to 37° Bé. from firsts 
may be used, and in this case there need be no fear of dissolving 
the sugar crystals. 
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Water as cleare.—Instead of preparing the cleares in advance, 
they may be made in the drum of the centrifugal by injecting water. 
This washes off the green syrup adhering to the surface of the sugar 
crystals, and then partly dissolves the sugar itself, forming more 
or less concentrated sugar solution, which cures all the sugar with 
which it subsequentlv comes in contact. This water-curing is done 
by the fine spraying of all the sugar on the drum, along the entire 
inside surface, from top to bottom. 

The injectors generally used for this purpose are the KoERTING 
pulverizators (Fig. 179). The height of theapparatus may be regu- 














Fig. 179.—Korrtina Water-sprayer. 


lated by means of the threaded portion of d. During the intro- 
duction of the load of massecuite, the rod is thrown back and out- 
side of the centrifugal, revolving around 6, and being held tight 
by means of a nut, c’. ‘Water is introduced through c, resting upon 
the top exterior casing, a, of the apparatus. When the green syrup 
has been swung out, the pulverizator is placed in the interior of the 
drum, A. By putting it in this position, a small valve in b is opened, 
and the curing continues just so long as d remains in the position 
shown in the drawing, and ceases when it is. removed from inside 
the drum. ‘This curing lasts one or several minutes, depending 
upon the quality and nature of the massecuite being treated, and 
also upon the capacity of the sprayer used. The efficiency may 
pe regulated by tightening or loosening a small screw in the in- 
terior of the pulverizator. . 

The WEINMANN and LanGEN! automatic appliance for curing 
sugar has also met with some favor among manufacturers. It con- 
sists of a telescopic tube connecting with the water or cleare pipe, 
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and at its extremity is a pulverizator. As soon as the water-cock 
is opened, the telescopic tube leaves its case, and remains in the 
extended position in the interior of the drum as long as the curing 
lasts, returning to its original position, under the influence of a 
counterpoise, when all water or cleare pressure ceases, the cock 
being closed. The pulverization of the water may be obtained 
either by the pressure from an upper reservoir or through the 
action of compressed air or steam. 

The success of the curing largely depends upon the regularity 
of the spraying. -If in excess at any spot, the results will be dis, 
appointing. There will be more sugar dissolved than is needed- 
as at this spot the sugar will be almost washed out when the other 
portions have still a yellow hue. The spray must be equally sep- 
arated over the entire surface of the sugar. As a matter of fact, 
this is never the case with these pulverizators, as the area of sugar 
covered by the spray is a circle. On top and bottom of the centrif- 
ugal the sugar passing before the appliance will be in this area 
only a minute fraction of the time needed for any crystal of sugar 
to cross this area in the middle of the height corresponding to the 
diameter of this field. A tube with a slit would theoretically give 
better results, but is subject to irregularities and deformations. 
Instead of this, it is resorted to an increase of the number of sprays, 
thus lessening the evil. When several pulverizators are simul- 
taneously used inside of the same drum of a centrifugal, the spray 
of each must be kept entirely separate; otherwise there would be 
an excessive washing at the point of interference of their area. 
The period that the water curing lasts depends upon the mass, - 
cuite being handled. Several experiments must be made:before 
deciding within what limits the best results are obtained for a given 
strike, but, when once determined, the time remains about the same 
for all the loads of a same strike. 

Curing with steam.—Steam as a cleare was first proposed by 
Farinaux. ‘The only difference between the action of steam 
and water upon the sugar crystals of a massecuite is, that with the 
former there is more sugar dissolved. The steam will fluidify the 
green syrup adhering to the surface of the mass of crystals; it con- 
denses and it dissolves some sugar, forming an excellent cleare, 
very rapid in its action, but, in most cases, not economical. 

There are several methods of curing with steam. The use of a 
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rubber pipe, or any other form of movable pipe with suitable per- 
forations, for bringing steam in contact with the load contained 
in the drum of the centrifugal, is now almost obsolete. It was 
found that this crude method of curing gave very irregular results. 
The more modern method demands the use of special centrifugals. 
Near at hand is a small receptacle, in which the steam is expanded 
to a very low pressure, and in which is retained the water carried 
forward by the steam. This expanded steam is brought by means 
of a pipe to the cover. of the centrifugal, and is oe made to act 
from the centre of the drum. 

The steam injector of DEurscH! consists of a water separator 
connected with a purging device and of several tubular portions, 
adjusted one at the end of the other, and having a cock for separat- 
ing the steam, which becomes drier. There are several attachments 
connected with the apparatus, such as an angular valve for regu- 
lating the entrance of the steam into the centrifugal. The injector, 
properly speaking, is attached to the cover of the turbines and 
connected with an angular valve by means of a rubber tube. All 
the tubular portions, from the valve to where the water is separated, 
are slanting, so as to allow the water that condenses when the valve 
is closed to flow back into the separator. 

In the Frsca centrifugal the steam is injected with air, which, 
at a comparatively low temperature, causes a sort of mist, very well 
suited for the curing in view. Korrtine draws water into a large 
receptacle by means of a steam injector, and the resulting moist 
steam draws in air when passing through a second injector. A 
cloudy mist is thus formed, the temperature of which may be regu= 
lated to suit the work being done. The duration of steam curing 
must be fixed to suit each special case, as is determined by a series 
of experiments. That there may be no difficulty in removing the 
sugar from the sides of the drum, the action of the steam is allowed 
to continue as long as the spinning lasts. 

It frequently happens with steam curing that certain difficulties 
arise owing to the escape of steam into the centrifugal room, causing 
almost everything to become moist, especially metallic surfaces 
and the belting. To overcome this difficulty, it is proposed to close 
all the centrifugals used for steam curing with a suitable cover, 
having a rather large diameter pipe which helps to carry off the 
excess of steam. The LEGENTIL? covers consist of a series of 


18. B., June, 1902. a3. Be Liao lose. 


GRANULATED SUGAR. 411 


segments sliding one over the other like a fan. To overcome this 
difficulty of escaping steam, Drvrins! has arranged, along the 
upper border of the drum, a series of flaps which throws the steam 
against the outer casing of the centrifugal, from which it escapes 
through special chimney-like outlets. The advantage of this mode 
is, that the steam coming in contact with the sides will to a certain 
extent condense, and this water of condensation, mixing with the 
after-products, gives them considerable fluidity, thus permitting 
their rapid escape. 

What is known as the Russian mode of curing was invented by 
CHERSTOPEROFF? The steam is introduced between the outer 
casing of the centrifugal and its drum, and a portion of it passing 
through the massecuite does the curing. The process in question 
is not generally used for the production of granulated sugar, for it 
is too slow; but it has been considerably used for centrifugating 
after-products. Precaution should be taken, when introducing the 
steam not to bring it into immediate contact with the drum of the 
centrifugal, for the reason that the water carried forward by the 
steam will be projected against those places and diminish the sugar 
yield. The best results are obtained by directing the steam in any 
direction desired by some simple device, through which it may be 
uniformly distributed between the drum and its metallic covering. 

Superheated steam and other gases.—All the processes for cur- 
ing which have been mentioned possess one main objectionable 
feature, namely, the solution of considerable sugar, or the escape 
of sugar of the prepared cleare into the after-products. It has been 
proposed to use all sorts of hot gases to reheat the green syrup ad- 
hering to the crystals and render it sufficiently fluid to hasten 
its escape. To superheated steam special attention has been given, 
and its use has been most varied, notwithstanding the fears at first 
entertained that, owing to its high temperature, it would decompose 
the sugar. 

In the BaxEeR ? method, superheated steam is used as a cleare 
at 0.4 atmospheric pressure; this is at a temperature of 108° C., 
which is subsequently raised to 200° C. before being introduced 
into the centrifugal. This steam can abandon all its heat up to 
100° C. and heat the centrifugal and the massecuite without there 
being any condensation, the principal object in view being to bring 
about just sufficient condensation to work the crystals and to heat 
the product through its entire mass without excess of steam. 
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During the steam injection ultramarine blue is used, the quan- 
tity needed being small, about 0.0015 per cent. The superheated 
steam is prepared in a special apparatus, for which about 250 kilos 
of coal are required for 40 tons of sugar. When the steam is at the 
desired temperature the centrifugal is filled with hot massecuite, 
and during this interval the drum is left open. The steam is not in- 
troduced until the green syrup ceases running, when the apparatus 
is closed and the superheated steam run through the product. The 
time required for the operation is governed by an hour-glass filled 
with sand; when it is empty the steam is cut off. The entire work- 
ing by this method depends upon the grade of sugar it is desired to 
obtain. It is claimed that the yield varies from 96 to 98 per cent 
of the theoretical quantity, depending upon the size of the crystals 
being worked. 

Hot air for curing was recommended by Burrau.!. The mother 
liquor of the massecuite, during its working in the centrifugal, is 
warmed by the use of hot air without dissolving any sugar, per- 
mitting it to flow rapidly from the sugar crystals. Furthermore, 
it is claimed that the sugar thus obtained is dry and need not be 
worked in a granulator. While the process received the appro- 
bation of numerous experts, it does not appear to have been intro- 
duced in many plants. 

Losses.—By all methods of curing, important direct sugar losses 
occur. This is made evident by the difference in sugar yields ob- 
tained. The following differences are supposed to be the outcome 
of actual experiments in centrifulgaling one hectoliter of masse- 
cuite: 2 


‘Curing with steam alone......... 74 kilos of sugar with refining yield of 98.75 
Curing with hot cleare at 70° C., 

BoUBée, aud steal - oa en ene 73 kilos of sugar with refining yield of 99 
Curing with cold cleare 23° Bé. ; 

BUCLECATI s... ieee ic wash ececacne 72 kilos of sugar with refining yield of 99.1 
Curing cold water and steam...... 67 kilos of sugar with refining yield of 99.5 


The SEYFERT? process was supposed to do away with these losses 
by using, as a substitute for water, cleare, and steam, another liquid 
not containing sugar, and not dissolving sugar during the curing. 
As it may be applied to any massecuite, a brief description may be 
given here. In this process, paraffin oils obtained from coal-tar 


18. 1., 29, 646, 1887. 2 La. S. B., 20, 205, 1892. 
’La. 8. B., 17, 548, 1889. 





ee - 


GRANULATED SUGAR. 413 


distillation are used. The first part of the swing-out operation is 
conducted as usual; the centrifugal is then closed and a jet of paraf- 


. fin oil is sprayed upon the mass, passing readily through the sugar 


crystals and cleaning them. When the sugar is very viscous, the 
operation ends with the use of a little water. The paraffin oil read- 
ily separates from the syrup. The yield of white sugar is satis- 
factory, but it has a slight odor of petroleum, which, however, 
disappears entirely when the sugars undergo remelting in the re- 
fineries. This process has had comparatively few advocates, yet 
certain German beet-sugar factories gave it an extended trial. The 
Federal Refining Company introduced a method not unlike it, but, 
instead of paraffin, they used liquids extracted from numerous oils 
and resinous substances. It was claimed that there was not only 
a curing of the sugar, but that the substances in question had an 
important action upon the non-sugar contained in the after-products. 

Steffen washing or curing.—Another method for the manufac- 
ture of white crystallized sugar from the granulated mass is the 
washing of the massecuite. This process is simply an improvement 
on the ScHUEZENBACH method mentioned under another caption. 
The idea of this method was first thoroughly examined from a 
technical standpoint by AnrHon,! and assumed a practical shape 
when modified by ‘Stmrren. When the graining is completed the 
massecuite is cooled in suitable crystallizors at 40° to 50° C., and 
then diluted to a point at which the mother liquor becomes only 
partly supersaturated. In no case should it contain fine crystals 


_or crystal powder, but a good and regular grain. 


The draining boxes consist of small flat-bottomed cars having 
each a capacity of 17 hl. Near the bottom is a metallic cloth, 
underneath which is a pipe communicating with an air-exhausting 
appliance. By producing a vacuum the green syrup is drawn from 
the surface of the crystals of the massecuite. The floor of the build- 
ing where this operation is accomplished is crossed by rails, turn- 
tables, etc., permitting all the small cars to be successively brought 
into position to receive cleares of different purity. Hach passage 
of cleare takes place simultaneously in all the cars containing por- 
tions of the same strike, and each car receives the same quantity 
of cleare. 

As soon as the green syrup has nearly all run off, another syrup 
of a higher purity is poured upon the surface of the massecuite, 
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and is also subsequently drawn off from the bottom; this opera- 
tion is repeated many times with syrups of increasing purity. While 
the first cleares are from a previous operation, the last of the series 
is simply a solution of pure sugar. Sometimes a special cleare is 
prepared, or, again, water is poured upon the washing reservoirs, 
and becomes saturated by the solution of the crystals in the tank 
itself. Special care should be taken that the separation of the 
after-products from these washings be properly effected. 

Fo prevent the mixing of the several cleares, it becomes neces- 
sary that they pass through the different layers of sugar at the 
same velocity. New cleares are not run in the cars until the pre- 
vious syrup is well separated from the crystals of all the receptacles. 
The first after-product running off has a purity of about 70, and 
is not again used for this washing process; the second after-product 
is used for the first washing of the massecuite that follows, and 
so on. For the keeping and separation of the syrups, reservoirs 
with partitions or ordinary tanks are used, in which the syrup 
that first runs off in a supersaturated condition may be diluted 
with water to the desired concentration. 

In a French factory visited by the writer, the raw sugar is suc- 
cessively submitted to the action of 32 cleares, each one in the 
proportion of 7 per cent of the sugar to be cleared. After the passage 
of the ninth or the tenth, the cars and their contents are submitted 
to the action of the vacuum of 8 to 12 cm. of mercury. One hun- 
dred kilos of sugar polarizing 95.8°, containing 1.28 per cent of 
water and 1.4 per cent of ashes, will yield 89.84 per cent of crystal- . 
lized sugar polarizing 99.85° and 10.16 per cent of after-product 
having a purity of 68.6. After the thirty-second curing, there is 
passed through the sugar from 40 to 50 per cent of pure cleare, 
and the centrifugating begins. The compositions of the different 
cleares used are shown in the table on page 415. 

As there are certain variations of temperature in the rooms 
where this sugar washing is done, it is not sufficient merely to 
prescribe a given concentration of the cleare to be used, but the 
density should correspond to the ambient temperature, so that 
the syrup may be in a constant state of saturation, and not at one 
time supersaturated and at another barely saturated. According 
to MirretstarpT,! every precaution should be taken to prevent 
the temperature falling below 20° C., otherwise the syrups become 
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too viscous and small crystals may form. Heated rooms during 
the cold weather are certainly very advantageous, and, all facts 
considered, are a money-saving and practical means of overcoming 
an otherwise very serious difficulty. From the same standpoint 
all supersaturation of the after-product used in washing exerts 
an objectionable action, while, on the other hand, the non-saturated 
after-product used for the same purpose will wash the crystals 
more rapidly, but will dissolve sugar and consequently decrease 
the final yields. 


COMPOSITION OF 32 CLEARES USED IN A FRENCH FAcTORY. 


No. of cleare. Brix. Purity. No. of cleare. Brix. Purity. 
1 LSico 69.7 ey vanes) 87.3 
2 FD 70.8 18 1c 88.4 
3 Cho €1,9 19 Tel 89.5 
4 Meat 73.0 20 CO 8 90.6 
5 16°. 7 74.1 24 {023 O17 
6 16°..3 15.2 22 69°.9 92.8 
€ 73°19 76.3 23 69°.5 93.9 
8 (ons 77.4 24 69°.1 95.0 
9 Ook 78.5 25 68°.6 96.0 
10 (Ao 79.6 26 68° .2 97.1 
11 140.3 80.7 27 Chong 97.8 
12 dor e9 81.8 28 67°.4 98.3 
13 C2) 82.9 29 67°.0 98.8 
14 Toned 84.0 30 66°.8 99.3 
15 Dae 85.1 31 66°.5 99.7 
16 bets 86.2 32 66° .4 99.9 


For circulating about 40 cleares, approximately 20 hours are 
needed. It is only when the massecuite contains strongly super- 
saturated syrup that there is an advantage in using for the first 
washing a cleare consisting of a non-saturated after-product, which 
forms a saturated solution by the mixing with the supersaturated 
syrup, and the washing is consequently hastened without any 
sugar being actually dissolved. It is advisable to work the masse- 
cuite in the crystallizators so that the mother liquor will ultimately 
become a saturated solution. The yield in white crystals is greater 
by the washing method than it is by the regular swing-out of 
massecuite in centrifugals, for the reason that a green syrup of a 
lower purity is separated. This result is, however, attained only 
at the cost of considerably more time. 

According to LippMANN,! a considerable error is made in esti- 

mating the yields obtained by the SterrEN process. The weight 
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left after the deduction of the water, as determined by analysis, 
is estimated as the white sugar obtained, when in reality it is not. 
water that adheres to the crystals, but a layer of more or less 
concentrated cleare. Consequently a very much greater weight 
should be deducted. 

According to CLAASSEN, another disadvantage of working by 
this method is, that the after-products are used for too long a time 
before they are entirely eliminated as a residuum from the extract- 
ing process taken as a whole, and the ultimate change in their 
composition and its influence must be considered. In all cases 
the greatest care should be taken to exclude all conditions that 
may cause sugar inversion. The most important essentials in 
superior sugar extraction are cleanliness and the maintenance of 
the requisite alkalinity. Not lime, but a solution of caustic soda, 
should be used for the latter purpose. If, however, a marked in- 
version of the after-product occurs, the only practical way to over- 
come the difficulty is by thoroughly cleaning all the compartments 
of the washing tanks and recommencing the operation. 

AULARD! recommends the STEFFEN washing process in the 
refinery, for the reason that all crystallizing tanks are done away 
with, leaving a residuary molasses of 54 to 55 purity. It is possible, 
however, to attain the same result with centrifugals when there 
are a sufficient number of crystallizators in motion to handle the 
after-products. One of the most objectionable features in con- 
nection with this process is the original cost of the plant. The 
buildings must be unusually large, and great judgment is needed to 
conduct the management upon truly scientific principles. The 
number of centrifugals is necessarily less than for the standard 
methods. The sugar obtained by this process is not entirely dry, 
and if it is to be sold as granulated it must be dried. It is first 
centrifugated, during which operation a large portion of the adher- 
ing cleare is removed, and is then run through a granulator like 
sugar that has been water or cleare cured. 

Dryers and granulators.—The subsequent working of these 
sugars is governed by the market demand. The crystallized and 
granulated sugars should be taken from the centrifugal drum when 
still hot and moist,’so ‘that the crystals will not all stick together 
and form lumps. When*crystallized sugar is prepared by steam 
washing, a special installation for the drying is unnecessary, as it 
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dries completely while passing to the sifting apparatus. Sugars 
that are washed with water or cleares should be dried in special 
revolving drums or granulators. The object of a granulator is to 
eliminate all water adhering to the crystals; furthermore, during 
the rotary motion of these appliances, the crystals have their edges 
rounded and will subsequently be more readily dissolved. 

The manufacture of granulated sugar, properly speaking, goes 
back only about 40 years. There are numerous types of granu- 
lators. Those used in the United States, such as the Hursry, need 
not be described, as they are well known to the American sugar 
manufacturers. In Continental Europe the Lancen and Hunp- 
HAUSEN appliance has had a certain vogue. It consists of a large 
sheet-iron cylinder, having a diameter of from 1.50 to 2 meters 
and a length of from 5 to 7 meters, which revolves around its axis 
upon suitable trolleys at a velocity of 5 revolutions per minute. 
The axis is nearly horizontal. The sugar to be dried is introduced 
at the highest end and carried upwards by a series of sheet-iron 
agitators, the directions of which are those of the generatrices of 
the cylinder. When at the top, the sugar falls from the agitators 


‘upon another cylinder concentric to the first, but steam-heated. 


At the entrance the liberated moisture is drawn off by means of a 
ventilator, which also removes from the other end the sugar dust 
formed by the friction of the dry sugar, and forces it into an ap- 
paratus known as a cyclone, where it can deposit, owing to the 
retarding effect produced upon the air current. 

In order to greatly decrease the dust, SeLwia and LANGE do 
away with the interior cylinder and dry the sugar by means of a 
hot-air current forced against it just when leaving the granulator, 
The small amount of sugar dust formed is deposited at the other 
extremity of the dryer. The HErnnice& granulator consists of a 


vertical cylinder, about 10 meters high, in whose interior revolves 


an axis holding a series of horizontal disks. Between each of these 
there is a circular hopper which collects all that falls in order to 
bring it upon the disk beneath. The sugar is introduced on top, 
and, under the influence of the centrifugal force, falls successively 
from disk to disk and is dried by a rising hot-air current. 

The BENDEL granulator also consists of a vertical cylinder, 
which is funnel-shaped at the top and bottom. At the top is a dis- 
tributor consisting of a vibrating disk. The sugar, after being 
received in the conical hopper, falls like a shower the entire length 
of the cylinder without touching its sides. Hot or cold air, as the 
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case may be, is forced in from the bottom by means of small in- 
jectors. A special register allows the sugar, but not the air, to 
escape from the bottom of the apparatus. To prevent the crush- 
ing which necessarily occurs in most granulators, numerous 
devices have been proposed; but this difficulty is not con- 
sidered as such by the consumer, as the side and edge crushing 
appears to be one of the characteristic features of the granulated 
product. 

The Paatz! dryer consists of linen carriers which work alter- 
nately in opposite directions, hot air circulating from one end to 
the other. Dryers in which there is a vacuum have also been pro- 
posed. It was claimed that desiccation would thus be much more 
rapid, but the difficulty arising was the entrance and exit of the 
sugar in these mediums where low tension is maintained. The 
GLASER? granulator is one of these vacuum appliances. It has 
an upper drawer, the opening for which exactly corresponds to the 
lower opening of the filling hopper. The drawer is arranged so that 
when full of sugar it will completely close the entrance to the hop- 
per and thus exclude air. The same arrangement exists at the 
bottom, when the sugar is removed from the dryer. 

Sugar sifting.—When sugar is intended for direct consumption 
it is essential that its appearance be more or less regular, and all 
that is irregular, all crystals that stick together, etc., should be 
removed, and may be remelted and used as a cleare for sugar curing. 
The sifting also separates bits of straw and other impurities held 
in suspension. In Europe it is customary to classify the sugars 
according to these siftings, there being special markets for each 
number. There remains generally about 0.5 per cent that has to 
be remelted, while the 1 to 2 per cent of powdered sugar is readily 
utilized. 

The sieves generally are slanting, wide, wooden troughs, which 
receive a rapid and lengthwise vibrating motion. The bottom of 
these troughs consists of three or four sieves of different meshes. 
The sugar moves forward on the sieve, as it does on the Kretsz car- 
rier described under another caption, and the finest portions, such 
as powders and small broken crystals, are the first separated. The 
next sieves allow sugar of a specified size to pass through, and the 
last one retains what remains. An excellent practice consists in 
covering these troughs, so as to prevent the escape of the sugar 
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dust. Under each sieve there is a hopper attached to the trough, 
and terminated by a linen pipe that carries the sugar to the bags. 
Of late, many sugar factories have introduced rotating devices 
almost exactly the same as those used in flour mills (Fig. 178 bis). 
They consist of a suspended compartment, A, having a circular 
motion around a central axis, C. The sugar crystals are introduced 
at the centre of the circle described upon a first sieve, and gradually 
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Fig. 178.—German Sugar-sieve. 


work towards the outer periphery, where the refuse escapes. The 
finer portions fall from the first to the second sieve, and here un- 
dergo a second classification. The different products pass from 
the appliance through linen pipes, B, into the bags. Another 
classifier is based upon the weight of the sugar crystals. The sugar 
is placed in thin layers upon a large horizontal belt and rapidly 
earried forward with the belt. When reaching the pulley the sugar 
is projected forward, the distance travelled by each crystal de- 
pending upon its weight, and falls by gravity into a series of re- 
ceptacles. No mention of a practical application of this method 
was found. 

Sugar mixing.—In many beet-sugar factories it is not cus- 
tomary to sift sugar intended for the refinery, the idea being to 
mix the products so that the general appearance of the sugar shall 
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be uniform. The Boure.iier! mixer is among the appliances of 
this kind that have met with some favor. It consists of a cylinder 
with a conical bottom, divided into twenty compartments by 
radial partitions, these compartments having a total capacity 
corresponding to five bags of sugar. The compartments are open 
on top, and are closed at the bottom by small trap doors, which 
mxy be opened independently for each section. Above these 
divisions, on the axis of the majn distributing cylinder, is a dis- 
tributing cone with a point turning upward. The cone receives a 
rotary motion from a special system of transmission. Below the 
trap doors of the compartments is the mixing cylinder, revolving 
around a horizontal axis, this cylinder being partly divided into 
two sections by a partition. Below it is the hopper connecting 
with the bag to be filled with the homogeneous sugar. The sugars 
to be mixed are emptied into a common receptacle and carried 
upward by an endless belt with pockets, such as are used in grain 
elevators, then passing vertically by gravity through a pipe of 
medium diameter upon the rotating cone. 

The sugar granules are projected according to their specific 
weight, and fall into the compartments previously mentioned, 
which constitutes the first mixing. The sugars are thus in layers 
in the receiving sections, and are subsequently thoroughly and 
finally mixed in the revolving horizontal cylinder. To obtain this 
result, one of the traps of the compartment is opened, the rotating 
drum revolves very slowly, the sugar granules simply falling one 
on the other. After three or four turns the motion is reversed, and 
the mixing is then finished. The sugar falls by gravity into the 
distributing hopper connecting with the suspended bags. It is 
interesting to note that this mixer acts also as a cooler for warm 
sugars fresh from centrifugals. One man can run several mixers 
of this type. 

During a recent trip to France, the writer had occasion to ex- 
amine the Denis method (Fig. 180) of transportation and automatic 
mixing of high-grade sugars. This method is certainly very eco- 
nomical in its working, and deserves more thana passing description. 
The general arrangement and detail are shown in Fig.179. Thear- 
rangement of the centrifugals is illustrated in the right-hand corner. 
The sugar separated and found on the drum of the centrifugal is 
scraped off with a small shovel and thrown into a funnel placed 
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beside each centrifugal. The inside of this funnel and its connecting 
pipe is blue enamel, which permits one to ascertain with a certain 
degree of accuracy the whiteness of the sugar being handled. The 


oh 
iy 
> 
Jee 
#333) 


i 
ye i. 
Re 


e s: } 
Pak 


Ree 
= Ny “Ale 
see IS 
» 


WY 


= 
= 


Y, 


NU 


SX GQGO_OOQN 
an 
A 


SSS 


SS 
*O 
MMIII. 


SS 
il 


Sv 


SQ 


Yj 


he 
i 
=Y 
Yy 
Uy 


VY) 
Y 
Uff 


“TOXTU-IVING AVADAAT-SINAQ—'OST “PIT 











smooth surface of the enamel allows a rapid.passage into the end- 
less screw beneath, the entire surface of which is also enamelled. 
The screw continuously feeds a vertical apron having suitable 
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pockets that carry the sugar to the top of the building, where it is 
emptied into another endless screw carrier acting as a distributor 
into the hoppers beneath. These receptacles contain crystals of 
various sizes, and may be filled as the occasion demands. Their 
capacity is sufficient for the contents of the entire strike of the pan, 
for no amount of experience can ever regulate successive granu- 
lations so that the size of the sugar crystals formed is identical. 
From hour to hour the composition of the syrups being treated 
varies, and it necessarily follows that the phenomenon of crystal- 
lization will also undergo important changes. 

At the lower part of the hoppers the closing consists simply 
of a sliding valve, and the product falls by gravity upon a third 
endless screw extending under all the hoppers, which were eight 
in number in this factory. The screw in question can be fed from 
all the receptacles, or from only one at a time. It becomes evident 
that by this arrangement the crystals of the different strikes are 
thoroughly mixed during their passage along the distributing end- 
less screw, the detailed working of which is shown in the upper 
right-hand portion of the illustration. It is frequently found de- 
sirable to run the sugar from hoppers through conical rollers, the 
distance between which may be regulated. The lumps are thus 
broken and the ultimate product is more uniform. Before the 
sugar enters the bags, it is automatically weighed in a special de- 
vice suspended from the ceiling. As already mentioned, it is most 
important that only perfectly cooled crystallized sugar be sacked, 
otherwise it will soon turn yellow. 


CHAPTER. LE. 
LOAF-SUGAR MANUFACTURE. 


General considerations.—The crystallized sugar, or what is 
known as granulated, has never been very popular among Euro- 
pean. consumers, and there is a demand for a sugar forming a 
porous crystallized mass and known as raffinades, and the large 
crystals, called sugar-candy, are still asked for in some countries. 
The main usage for the latter is for champagne manufacture. For 
direct consumption, it no longer meets with the favor it once did. 
The refined sugar is placed upon the market as loaves, broken 
sugars, etc. For exportation there are special grades and loaves 
that meet the demands of Eastern countries. 

The general aspect of the refined sugar as consumed in Europe 
is that of very small crystals not readily distinguished from one 
another. It has the general appearance of white marble, is suffi- 
ciently hard to resist the numerous shocks to which it is submitted 
during transportation, and when struck gives a metallic sound. 
The refined sugar made in one part of Europe is very different 
from that made in another, depending upon the demands of the 
consumer. For example, the Russians give preference to a very 
hard product, as in some parts of the country they hold a piece 
between the teeth and simply suck the beverage through it. These 
lumps may be used repeatedly. On the other hand, in France the 
sugar must melt rapidly in the coffee and be made soft and porous. 

The sweetening power of sugar has led to much controversy ° 
between cane- and beet-sugar experts. ‘The methods of refining 
seem to be always neglected. Let the refining processes be iden- 
tical, and sugars of the two origins will then have the same sweet- 
ening powers. The greater or less porosity of the final sugar de- 
pends upon the degree of tightening of the massecuite. ‘The refining 
of beet-sugar consists in remelting combined with filtration, grain- 


ing, and the handling of the massecuite in subsequent operations. 
423 
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As a general thing, this work is done in special buildings known 
as refineries, although certain factories conduct both the operation 
of extracting the sugar from the beet and its subsequent refining, 
and experience shows that the two processes may be conducted 
satisfactorily under the same management. 

It may be noted that the refiner’s plant must attain consider- 
able proportions in order to meet the daily output of an averege 
beet-sugar factory. Usually, when the plans are judiciously made, 
the operations of refining not only continue after the sugar cam- 
paign has ended, but last nearly the entire year, frequently within 
a few weeks of the beet slicing of the following campaign. Under 
these conditions the invested capital does not remain idle nine or 
ten months of the year. The sugar that cannot be directly used 
for refining is converted into granulated. 

The refineries that are compelled to accept the raw sugar from the 
factories submit the product to an operation known as “affinage,” by 
means of which a crystallized sugar is obtained. This process is con- 
ducted in the centrifugal, curing the sugar by one of the methods 
mentioned in the foregoing. The raw sugar is mixed witha syrup of 
greater or less purity, so that it has the consistence of a massecuite, 
and is then run into the drum of a centrifugal, the curing being 
effected as usual. In some refineries efforts have been made to 
introduce the continuous centrifugal for this purpose, but the re- 
sults were not satisfactory. To produce the highest types of refined 
sugar, it is well to start with the purest possible product. PELLET 
urges that no sugar should be melted unless it has a polarization 
of at least 98. 

Remelts.—Sugar is dissolved in very pure water containing very 
little lime. The solution may be made in any receptacle with agi- 
tators. Water and sugar are simultaneously introduced, forming 
a syrup of a density of from 32° to 40° Bé., depending upon the 
factory. Evidently it is not desirable to use water in excess, as 
this must be subsequently evaporated. It is important to keep 

‘the saccharine solutions alkaline, so as to prevent the destruction 
of sugar by micro-organisms, but a much lower alkalinity is neces- 
sary than in the beet-sugar factories. During the solution of sugar 
it is found desirable to add a small quantity of lime in the form of 
powder, so that the ultimate alkalinity of the syrup obtained will 
be about 0.005 per cent of lime. Some sugar experts ! claim that 
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this lime addition is a mistake, for it decreases the yields; and in 
this connection it has been urged that sugar refineries should never 
be built in close proximity to a large industrial centre or near a 
railway station, as, in such cases, the air is saturated with carbonic 
acid, and the requirements for lime become greater with a corre- 
sponding sugar loss. 

Filtration.—Formerly great importance was attached to the 
clarification and epurating syrups, but later scientific observations 
have shown that these operations are not as essential as was once 
supposed. Numerous processes came into use, but most of them 
are now obsolete. To the syrup was added from 2 to 4 per cent 
of pulverized boneblack and 1.5 per cent to 2 per cent of coagu- 
lated blood, and the mixture boiled. The albumen of eggs, in- 
tended to carry down the impurities, was for a long time in use. 
In a good many refineries boneblack continues to be employed. 
Experts, such as AuLarD,! consider this substance necessary for 
the filtration of the syrup of remelts, and claim that it removes 
14.8 per cent of the total impurities. 

The presence of calcic salts in the refined products is due to the 
water used, the raw sugar, and the lime added to obtain the de- 
sired alkalinity. The boneblack filtration will carry off a portion 
of these salts and decrease the alkalinity, which diminution con- 
tinues even after the boneblack has ceased to act. The analysis of 
the cleares will give an excellent indication as to whether the bone- 
black should be renewed. JESSER? recommends that these salts 
be changed into chlorids by the use of chlorid of barium, under 
which conditions the boneblack is more active in its effects. 

The filtration in refineries continues to be carried on in vertical 
cylinders 10 meters high and filled with boneblack, the grain vary- 
ing somewhat in size with the work to be done. The syrup is run 
through a battery of these filters until the decoloration is com- 
pleted. When the efficiency of the product ceases, it is washed in 
the filters and is then allowed to ferment. This is followed by 
the action of a diluted hydrochloric acid solution, and after a final 
washing it is dried and heated to red heat in special boneblack 
kilns, in which a revivification is effected. All these operations 
are expensive and very dirty, and the ne itself soon be- 
comes a centre of infection. 

Before the affinage was used in refineries, the consumption of 
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boneblack reached enormous proportions, frequently representing 
twice the weight of raw sugar melted. By more modern modes 
of working, this amount has decreased considerably, but still is 
an item of great expense, and every effort continues to be made 
to do away with it altogether. As early as 1865 Bassnr! pointed 
out that the refining of sugar would sometime be accomplished 
without boneblack, and that it was useless to attempt any im- 
provement in the then existing types of mechanical filters. These 
conditions realized in the SoxHLET? process. Sugar is dissolved 
in cold water, to which is added wood flour and infusorial earth, 
and the mixture is run through filter presses, or subjected to any 
method of mechanical filtration. According to LippMANN,? 0.1 per 
cent of this preparation is sufficient to obtain thoroughly filtered 
juices. The sugars made by this process are said to be ideal, 
and compare favorably with those obtained by the boneblack 
methods. 

BRENDEL and other experts claim that one of the essential ad- 
vantages of the SoxaHueT method is, that. the syrups may be kept 
at a comparatively low temperature up to the moment that they 
enter the pan, and this, in consideration of possible sugar losses, 
is an important gain. In some of the most recent methods of 
refining, the syrups are circulated through tubular reheaters until 
they reach a temperature of 90° to 95° C. before being run into the 
vacuum pan. 

Graining.—In general, the graining in pan for sugar refineries 
is done according to the same methods and in the same apparatus 
as in the beet-sugar factory. The European refineries are not 
prone to use the enormous vacuum pans that have found a certain 
vogue in America. Their argument against them is, that through 
their use the dangers of sugar decomposition are increased, owing 
to the enormous pressure of the massecuite upon the heating 
surfaces, resulting in higher temperatures. On the other hand, 
in the United States the pans are conducted at a higher vac- 
uum than in Europe, and this in itself does away in a measure 
with the supposed objections. It is customary, in factories visited 
by the writer, to grain at a comparatively high temperature. Among 
the advantages it is claimed that the resulting grain has consider- 
able power of resistance. 
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As the final sugar obtained in a refinery is not the same as that 
of a beet-sugar factory, there are necessarily certain points of 
difference in the manner of conducting the strike. ‘The nucleus of 
the graining is of considerable volume, and there results a great 
number of crystals. As the crystallization advances quickly, the 
grain is rapidly fed by the introduction of syrups, and the entire 
operation is completed after a comparatively limited interval. 
The water allowed to remain varies according to the hardness of 
the final sugar to be produced. The water percentage may be said 
to be about 12. 

Massecuite reheaters.— lhe massecuite is received in a reheater, 
in which the temperature is kept uniform during the entire period 
when it is being run into the moulds. An apparatus of this kind 
is the Hasti& reheater, shown in Fig. 181. It consists of a cauldron 














Fig. 181.—Hastizr Massecuite Reheater. 


with double bottom, B. There is an agitator, G, which receives 
its motion from the conical gearing, H/. Steam is introduced into 
the double bottom through the valve, D, and the condensed water 
runs off through #. The massecuite is run into the moulds through 
a bottom pipe, which is regulated by J. The product is then at 
about 80° to 85° C. It is important that this temperature be not 
exceeded, otherwise the product will stick to the sides of the moulds, 
as the mother liquor then tends to crystallize in the cracks of the 
enamel. However, the massecuite should be sufficiently heated 
and the moulds filled with considerable care, so as to prevent the 
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distribution of air bubbles through the mass; furthermore, the 
mould should be warm and absolutely dry. Precautions must be 
taken to prevent any crusts or lumps, formed in the reheater, from 
finding their way into the moulds, as they would have to be re- 
melted or ground to a flour. 

Moulds.—At first, in the manufacture of white-beet sugar, the 
cane-sugar methods were followed. The moulds were of terra 
cotta, then of papier-maché, and for a time sheet-iron moulds 
were also used. Then KiInpLER! proposed that they be tin- or zinc- 








Fig. 182.—Mould Washer. 


lined, and finally the sheet-iron moulds enamelled inside came into 
use. Whatever the shape of the mould, every precaution should 
be taken to prevent rust spots, as they will color the sugar; and the 
moulds should be kept excessively clean by thorough washing after 
each emptying, otherwise there will be danger of fermentation, 
which affects the color of the loaf, giving it a blackish hue. 

The washing of the moulds may be accomplished in various 
ways. The method that especially attracted the writer’s attention, 
and which has had a certain vogue, is shown in Fig. 182. It consists 
of.a perforated conical brush, A, which is made to revolve by the 
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conical gearing under the command of the loose and fixed pulleys, 
B, The mould is placed over the brushes, which are then set in 
motion. ‘The water circulation is under the control of the pedal, 
C, and, as it penetrates the perforations of A, performs the work 
most thoroughly in a few seconds. As a certain amount of sugar 
is dissolved, the sweet water is collected in a receptacle beneath. 


This water is taken back in the work; but, as it offers an exceptional 
opportunity for the development of all kinds of micro-organisms, 


it should always be kept at a high temperature, say 75° to 80° C., 
in order to avoid sugar losses. 

The OppEMANN ! device for washing requires the use of steam, 
which circulates inside and outside of the moulds, and, condensing 
along their surface, effects a thorough cleaning. The lower parts 
of the moulds are closed by suitable stoppers or corks. The mother 
liquor runs off through these openings when the loaf has sufficiently 
settled. 

Filling.—The moulds are all arranged upon special tables with 
their points downward. The better plan is to have them upon 
small cars, which may be placed under the reheater; while another 
arrangement consists of a movable distributor moving successively 
over each mould, or each row of moulds, on the respective tables. 
In some cases the cars have six openings, so that the moulds may 
be filled in series of six, coming successively into position, by which 
means considerable labor is saved. Another very simple method 
for filling consists in using a long rubber pipe with a suitable valve 
at its extremity. 

Whatever system is adopted, the filling and mould room should 
be kept at a temperature of not less than 30° to 35° C., and every 
precaution should be taken to prevent draughts. 

Stirring.—Some minutes after the filling a crust will form upon 
the surface, which must be removed by gently stirring the con- 
tents of the moulds; for if the upper crust were allowed to remain, 
the cleare used for curing could not penetrate the mass. This upper 
crust must frequently be removed not less than three times. The 
stirring is done with a double-edged wooden blade, and demands 
not only care, but also considerable experience, because the pleas- 
ing aspect of the resulting refined sugar depends upon the manner 
of performing this operation. The portions of the sugar which the 
blade does not reach will have a yellow hue; and, if the stirring 
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is done when the mags is too hot, all the crystals will have a ten- 
dency to fall to the bottom point, while, if done when the mass is too 
cool, the crystallization will not be uniform throughout the loaf. 
For the completion of the solidification, at least from 8 to 12 hours 
are needed, during which interval the stirring should be done three 
times. ‘lhe mass then is white. 

During this cooling, there is first an increase in the size of the 
crystals, which are fed by the very pure mother liquor surround- 
ing them; then follows another crystallization which cements all 
the small crystals together. The porosity of the loaf depends upon 
the manner in which this last phase takes place. The more com- 
plete this cementing, the fewer will be the interstices for the cir- 
culation of the cleare. If, on the other hand, this transformation 
is incomplete, there will be no adhesion between the crystals, and 
the slightest shock will be sufficient to break them apart. 

Purging and curing.—When the necessary time has elapsed, 
and the loaves are sufficiently compact, the bottom plug is re- 
moved; and the moulds are allowed to drip at a temperature of 
from 25° to 28° C., for 5 or 6 days, depending upon the conditions 
of viscosity, etc. The drippings are collected in a special reservoir. 
The curing then commences, and lasts two days, at least three or 
four cleares being necessary. No final steam purging is possible. 
It is essential that the last cleare shall be limpid and white. Some 
refineries follow up the last sugar cleare by a short water curing, 
and experience shows that this has the advantage of leaving the 
sugar less hygroscopic than the regular cleares. 

There are advantages in giving the cleares a slight alkalinity, and 
they are distributed in quantities determined upon in advance. 
Before the new cleare is added, sufficient time must elapse for 
the preceding one to have passed through. For tight-grained 
sugar, the cleares used are rather fluid, so that they may circulate 
rapidly, while, on the contrary, for porous and soft sugar a thicker 
cleare is preferred. The concentration varies from 70° to 76° Brix. 
If the cleares are too thick the general working is slow; if too thin, 
they dissolve the sugar and destroy its crystalline aspect. When 
the loaves are not sufficiently tightenel, a cavity will frequently 
form in their interior. On the other hind, if they are too hard 
there will be portions where the curing is ineffective, and the sugar 
at those centres will have a yellow hue in spite of all efforts. 

Cups of every kind are used to distribute the cleare upon the 
moulds. ‘The Rossax cleare distributor has a hollow handle, to 
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which is attached a flexible pipe. The cleare passes through it, 
then into the hollow handle of the spoon, in which is a small valve 
that may be worked by means of a lever placed along the side 
of the hollow handle, a spring closing the valve as soon as the lever 
comes to rest.! 

The loaves should be blued, as is done with any white sugar; 
in fact, it is even more essential in this case, for there is always a 
tendency for loaf sugar to appear yellow, whatever care may have 
been taken in its production. Srern2 attributes this phenomenon 
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Fig. 183.—Hixu Purging Apparatus. 


to the impurities of the cleares used, or to a precipitation of iron 
carbonate present in the water. The most practical way of using 
the marine blue in this case is to add a small quantity to the pan 
during the last period of the strike. 

It is evident that the purging demands considerable time and 
labor. All these operations may be much simplified by the use 
of a series of suckers. Under a table, Hixu (Fig. 183) places rubber 
joints well fitted upon the points of the moulds. These joints 
connect with vertical pipes on which are suitable valves, B, and 
at the other end of which is a horizontal pipe, C. Connection with 
the vacuum is made through G, and EF is the vacuum gauge. Under 
even a comparatively slight vacuum the purging is most complete, 
and, instead of taking sevenor eight days, the operation is entirely 
and most satisfactorily terminated in two. 
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With the idea of obtaining a thorough distribution of the masse- 
cuite in the moulds, PassBure! draws the cleare through the mass 
not downward, but upward, so that all the air may escape. The 
moulds, which are conical in shape, communicate at their apex 
with a horizontal pipe, having a series of branches, connecting with 
the air pump. This pipe revolves around its axis, so that the loaves 
may be turned and placed in any desired position, with the apex 
pointing upward or downward, as the case may be. The washing 
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Fie. 184.—ScHEIBLER’s Apparatrs for Curing Under Pressure. 


is done with the apex pointing upward until all the cleare has been 
absorbed by the loaf, after which the position is reversed, so that 
the washing may be more rapidly effected. After the cleare has 


escaped, hot air is forced through in the same direction, and the 
loaves are thus rapidly dried. 


The ScHEIBLER? mode consists in placing the forms with point 
upwards (Fig. 184). The moulds, with their contents, are placed upon 
a rubber ring, b, which forms a tight-fitting joint. The point enters 
into a conical ring, tightly held by means of the screw, /, e. The 
covering terminates in the shape of a pipe, d, which connects it 
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with a basin, d, receiving the after-product of the mats. The cur- 
ing liquor is introduced from the bottom at g, and escapes at the 
top. The amount entering the receptacle, d, is shown by the side 
graduation, dz, and is always the same for the product of the same 
strike. When the desired volume of cleare has passed through, 
the pressure of the screw, /, e, is released, and the conical top is 
taken off. The receptacle, d, is tilted over around a pivot and the 
after-product is run into a gutter, k, used for all the moulds of a 
series. Numerous other modes of purging have been invented, 
many of which are worked upon the principle of centrifugal mo- 
tion. These will be examined under another heading. By all the 
old methods the dripping, as before said, lasts for four or five days. 

After the cleansing the base of the loaf is scraped level with 
an instrument having a special shape, or with a milling machine, 
after which the loaves are taken from the moulds and again placed 
in position for a certain time, the point being first left upward, 
and, after a day or more, pointed downward. Under these con- 
ditions the small portions of syrup that may remain in the mass 
become more equally distributed. The loaf then has its final shape, 
and is left exposed to the air for 24 hours before being sent to the 
dryer. The bottom is cut off, and the top is turned on a lathe. In 
some factories this operation is performed only after the oven 
drying. 

Loaf centrifugal.—It has been mentioned that the centrifugal 
has taken the place of the now obsolete ScHUEZENBACH method 
for the manufacture of raw and granulated sugar. In the same 
way, there is a tendency to give preference to centrifugals rather 
than to old methods of curing, which demand much time and 
labor. 

The first experiments in centrifugal curing were those of Van 
GoETHEM,! in 1850, but the first practical application was devel- 
oped by Fresca. ‘The main difficulty was, that the loaves would 
break during the centrifugaling. The Frsca? method required 
the use of a pump, forcing oil at 100 atmospheres into the bearing 
of the apparatus, which was combined so that two velocities were 
obtained, and this is an indispensable condition for success, as will 
be subsequently explained. A centrifugal of this type is made by 
BREITFELD and Danek (Fig. 185). The moulds are placed in the 
drum, D, and are arranged in two rows, A and B, with ends pointing 
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outward. The pulley, C, receives its motion from a belt running 
on a pulley keyed on a horizontal shaft. There are two of these, 
moving .at different velocities, under which conditions the drum 
of the centrifugal may be made to move at two different speeds. 
The apparatus of this kind have, in most cases, an exterior diameter 
of at least two meters. Great care is needed in starting them, and 
electrical motors have been found satisfactory for this purpose. 
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Fig. 185.—BreItretp and Danek Loaf Centrifugal. 


It is to be noted that the massecuite for loaves worked under these 
conditions must be grained much tighter than when other methods 
are used, as they will the better resist the force to which they are 
subjected. The curing and purging being done rapidly, the fault 
found with tight graining no longer holds in this case. 

In. the Wour! method of working sugar loaves in’centrifugals, 
the loaf to be freed of its syrup is placed in the drum of the cen- 
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trifugal before it has entirely cooled, at 44° to 66° C. The syrup 
adhering to the crystals is thus more readily swung out. In a very 
few minutes the loaves become perfectly white, two cleares being 
sufficient to complete the operation in a most satisfactory manner. 
Practical experiments have shown that the best results are ob- 
tained by making a hole two inches deep in the bottom of the loaf 
when it is soft; under these conditions the cleares do not overflow 
on the sides of the loaves, a very small volume being necessary. 
The loaf, leaving the centrifugal while still hot, dries rapidly. On 
the inner periphery of the drum is placed a perforated circular 
steam pipe. 

Another loaf-sugar centrifugal possessing some excellent char- 
acteristics is the Kaczarowsk1! apparatus. At the lower part 
of the drum is a small revolving spiral gearing with six rings, to 
which is given a comparatively slow motion; these gear with 
other rings on which the moulds with their contents are suspended. 
The loaves do not point to the central spindle, but rather in the 
direction of a tangent to the drum. The loaves make four revo- 
lutions per minute, and the centrifugal spins at a velocity of 350 
revolutions during the same interval. The cleare passes through 
the loaves in a spiral direction and accomplishes a very thorough 
curing. This centrifugal has two hoppers for the reception of the 
cleare, one to distribute it to the upper and the other to the lower. 
row of moulds. For a still greater regularity in the distribution 
of the cleare, it is received in an inverted funnel divided into six 
compartments by vertical divisions. Hach of these sections cor- 
responds to a mould, and by this combination the loaves all re- 
ceive exactly the same volume of cleare. 

The ViviEN? proces sfor handling the moulds and contents in 
centrifugals has some special features that are worth recording. 
It is recommended that the strike from the massecuite consists 
of very closely formed crystals obtained at a comparatively low 
temperature, by which method there is formed a soft and very 
soluble sugar. The cleare used is at 30° Bé., and is followed by a 
steam curing for twenty seconds, then with a liter of cold water, 
and for half a minute before the centrifugal is brought to a stand- 
still the steam cock is opened. This very moist sugar is sub- 
mitted to a settling operation in a special mould, and the cake 
thus obtained is subsequently dried. 
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The loaves worked in centrifugals are not always satisfactory. 
One of the main reasons is, that the opening of the point of the 
moulds is entirely too small for the escape of the after-product from 
the cleare. Excellent results have been obtained by removing about 
three centimeters of this point and placing a small piece of metallic 
cloth in it. This holds the loaf, and offers a considerable space for 
the escape of the swing-out syrup. Under these conditions it becomes 
possible to submit a moderately tightened massecuite to the cen- 
trifugating, and the final sugar obtained will have a much more 
pleasing aspect. 

The working by the centrifugal method is always based upon 
about the same idea. The loaves in the forms or moulds are cooled 
to about 30° C., and are then placed in the centrifugal. The ap- 
paratus is first set spinning at a low speed, and when the mother 
liquor appears to be entirely separated the velocity is increased for 
a short time, and then reverts to that given at the start. The 
curing begins with a number of cleares, depending upon their con- 
centration and the nature of the sugar being handled. The opera- 
tion ends with high speed for a few seconds. 

Drying.—The loaves obtained by the ordinary mode of curing 
are left in the air for 24 hours before being placed in the dryer, 
as the cleare they still retain, in greater or less quantity, might 
during the drying operation redissolve some sugar, and, further- 
more, if the loaves continue moist to the touch, their subsequent 
drying will result in a spotted surface. When the sugar is very 
porous the defects are mainly centred at the bottom or in the cen- 
tre of the loaf. The dryers are rooms of any shape containing series 
of shelves for holding the loaves, and are arranged so as to permit 
of suitable ventilation. The dryest and hottest air should circulate 
upon the dryest loaves; otherwise a condensation upon their sur- 
face results, which would lessen the market value of the product. 
When the drying is not properly done, there is formed a rough 
and almost impenetrable surface. 

The system of heating the dryers is now confined entirely to 
hot air or steam, the hot-stove mode having become obsolete. The 
drying under vacuo has been attempted several times, but has 
never met with the hoped-for success. A description of Pass- 
BuURG’s dryer, only recently introduced, is of interest. He points out 
that exceptionally small-grain sugar loaves crack under vacuum, 
but that by his method the difficulty may be overcome by allowing 
the heat to increase slowly. Under these circumstances the loaf 
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has about the same temperature throughout the mass. This is 
accomplished in the following manner: 
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The loaves of sugar are introduced into a closed receptacle, A 
(Fig. 186), and are there heated, either by hot air receiving its caloric 
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from steam pipes, or by any other means of heating. It is important 
to keep this compartment closed, so that the air circulation may be 
kept under control, and thus obviate any danger of cracking the 
loaves. About 12 hours at 75° C. are needed for this drying. The 
air is then removed. The loaves are submitted first to a high 
vacuum and then to a very low vacuum, special valves being 
necessary, that the drying may be regularly continued. As the 
loaves must be gradually dried, the comparatively low vacuum 
must continue for a considerable time. 

The surface condenser, G, has two valves, VV’, suited for a 
double-acting air pump. The valve, V, through a special pipe 
communicates with the cylinder of the air pump, £, intended for 
low vacuum. On the other hand, V’ is intended for high vacuum 
obtained through the communication with the pump, D. By this 
arrangement the pump, /, draws off the moist air, until the maxi- 
mum vacuum of that apparatus is reached, after which, and only 
then, does the pump, D, begin to work. By closing V and opening 
V’ the change is made. It is to be noted that the PassBure ap- 
paratus, even when there is a large number of dryers, allows the 
connection of one or several of them with the air pump, D, for high 
vacuum. ‘The drying thus continues, without changing the con- 
tinued action of the vacuo, by connecting the pump with other 
appliances. If the arrangement of double communication, such 
as V and V’, did not exist, it would be necessary to have several 
compound air pumps instead of one. 

In Fig. 187 is shown the section of a partly dried sugar loaf. K is 
the portion that remains moist, and M the part where the drying 
is completed. When submitted to a tempera- 
ture of about 45° or 50° C., the temperature at 
kK, even after 6 to 9 hours, is only about 
35° C. Sugar being a poor heat conductor, 
the drying operation is necessarily very slow. 
When the heating is stopped, or when cooling 
is resorted to, the exterior portion of the loaf 
will, through radiation, transmit heat to the 
cooler portion near the centre, equalizing 
the temperature throughout the mass. Not- 
withstanding this fact, the loaf may crack 
when the product is submitted too suddenly to 
a high vacuo. It is to be noted that the action of this high vacuum 
only commences when the first stages of the drying are finished. 
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The average temperature of a dryer is 50° C.; beyond that point 
the loaves have a tendency to crack. Certain precautionary meas- 
ures are necessary during the drying. The temperature should be 
gradually raised, and, when the operation is completed, slowly re- 
duced, so as to avoid cracking during the cooling. The drying 
need last but three days, which shows a progress compared with the 
five or ten days formerly needed. 

Sugar-loaf wrapping.—When the loaves are thoroughly dried 
the bottoms are planed off, the tops turned on a lathe, and they are 
then ready for wrapping. In Continental Europe, sugar loaves of a 
conical shape are always covered with paper, the color of which 
depends, in most cases, upon whether the product is for home 
consumption or exportation. To cover these loaves neatly, always 
entails a certain amount of labor. Special paper forms in two parts 
have recently been patented, the lower one having a circular cen- 
tre with six projecting strips. The loaf to be wrapped is placed 
in position, and the strips turned up against its sides, the loaf 
and strips being then covered over by a conical paper hood with 
six raised parts, corresponding to the thickness of the strips holding 
the bottom in position. 

As loaf sugar is not readily handled for many purposes, the 
NouueEt ! innovation, which consists in slicing the loaves into hori- 
zontal sections and then breaking them up in parallelopipeds, has 
been generally adopted in Continental Europe, and yet it was 
suggested in 1856. The size of these lumps depends upon the local 
demand. There is necessarily considerable loss in their production, 
as the outer edge is round, which loss increases with the decreased 
diameter of the round. These residues may be pulverized and sold 
as powdered sugar, but in most cases they are remelted and used 
for cleares in some phase of sugar curing. There is a considerable 
waste of labor in all these handlings. BiocgurL and Bivourr? 
had the rather original idea of cutting up only the lower portions’ 
of the loaves and selling the upper as small loaves. The lower 
rounds of an average sugar loaf, when cut up, give 80 per cent of 
lumps, while the loaves, taken as a whole, give only 50 to 55 per 
cent.2 To-day the small loaves are actually made for Oriental 
countries, as they are readily carried on mule back, etc. 
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CHAPTER ITT 
SUGAR IN CAKES AND BARS. 


General considerations and historical data.—To do away with 
the losses sustained by sawing the sugar loaves, the sugar may be 
moulded in bars having right-angle edges. The idea of making 
sugar in cakes and bars dates back some years, but only lately it 
has been introduced in the European factories. The first practical 
ideas on the subject were presented by Mertisot, according to 
whose plan the cooked mass from the vacuum pan was run into 
special receptacles having the shape of truncated pyramids. The 
latter, when full, were taken into a cooling room, where they re- - 
mained for several hours, during which period they were frequently 
stirred, to render the mass of syrup—ready to crystallize and cooling 
gradually—perfectly homogeneous... When the blocks were taken 
from the iron forms they were placed in special centrifugals, with 
the small ends up, wedges of wood keeping them in place. The 
upper part of the centrifugal was closed by a circular iron lid, in order 
to keep the wooden blocks in place during the rotation of the ap= 
paratus. There remained an annular ring at the centre of the cen- 
trifugal, into which steam was forced. The cakes of sugar were 
then purged of their molasses and syrup, which was thrown from , 
the centrifugals when they were put in motion. The operation 
lasted for nearly forty-five minutes, which is rather too long, but 
the remaining sugar has the aspect of the best refined product. It 
is dried in an oven, then sawed into bars, and broken up into lumps 
of the desired size. The sawing into bars occasions a certain loss, 
and numerous methods have been suggested, and put into practice, 
by which no sawing is necessary. The first part of the work con- 
sists of the graining in pan and the reheating. The running of the 
massecuite into the forms offers no more difficulty than when the 
conical moulds previously described are used. ‘The forms are ok 


varied shape, depending upon the process. 
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Vivien method.—The shape of the VivimN frame, or mould, 
as constructed by Fives Linun, is shown in Fig. 188. The 
frame consists of two sheets of galvanized steel, the lower ends 
being bent under and riveted to a flat iron forming the bottom. 
At the upper end the sides meet, forming a spring, and thus the 
sides are united. When in operatien, the distance between them 
_may be kept constant; their elasticity facilitates the emptying. 
The upper and middle borders of these frames have an interior 








Fig. 188.—Vivien’s Mould. 


horizontal brim, intended to support the division strips, which have 
a central hole or opening; their removal is very simple. 

The filling of the frames takes place in a wagon constructed for 
the purpose. The door is shown in A (Fig. 189), and is marked by 
the handle B. To keep this door well in place, and assure a perfect 
joint, there is, on the outer edge, a groove, in which a rubber strip is 
placed, and a system of tightening screws keeps the door well against 
the joint in question. The wagon has three or four wheels, depending 
upon its size. The frames are shown at G, G, G, G, placed side by 
side in rows, separated by movable sheet-iron sheets with handles, 
D, D. These are tightened against each other by wooden wedges, 
which penetrate to the very bottom of the wagon, so that every 
crack is filled. : 

The wagon, with its frames, is placed below the vacuum pan, 
and the frames are filled with the massecuite. This is allowed to 
settle for several hours, so as to obtain a satisfactory crystalliza- 
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tion. The wagon is then dismantled, and the frames, one against 
_the other, are placed in the centrifugal (Fig. 190). The latter consists 
of a non-perforated sheet-iron drum, A, having an interior diam- 
eter of 96 cm. The crown, B, forms with A an annular space, 
divided into six compartments, in which the frames are placed in 
a vertical position. A movable cover, C, hermetically closes the 
apparatus, and there are several appliances connected with the 
same which permit the introduction of compressed air, produce a 
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Fia. 189.—Vivien’s Wagon for Frames. 


vacuum, or also to introduce a sugar solution into the annular 
space. 

On giving the drum a sufficiently rapid rotatory movement 
by the action of centrifugal force, the syrup around the crystals is 
swung out through the perforated bronze plates, D. These are 
symmetrically placed on the drum, against which are the frames, 
side by side, kept in place by wedges and special appliances, H, for 
tightening. The syrup subsequently runs into the gutter below, 
from which it is taken for making second-grade sugars. The regu- 
lator is at G, and consists of three movable iron washers. The axis, 
H, receives its movement from below through the pulley, J, by a 
twisted horizontal belt. The lower part of the axis is a steel pivot, 
working in socket, L, in which K can oscillate. The working of 
the Vivien centrifugal requires a vacuum in the annular space 
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of the drum. After the purging action is completed, the vacuum 
is destroyed by opening an orifice closed with a rubber stopper. 
The curing then commences. The centrifugal is again closed while 
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Fic. 190.—Vivien’s Cake Centrifugal. 


the cleare is being swung from the sugar; the apparatus is then 
brought to a standstill, and the cakes are removed after their curing 
is completed. 

The blocks of sugar obtained are perfectly white; they are 
_ placed, however, for a short time, in a 
heated room to complete the drying. By 
this process, in less than 48 hours sugar 
may be placed on the market, while by 
the ordinary refining methods nearly 
fifteen days are required. The cake, M 
(Fig. 191), is seldom sold as it leaves the 
centrifugal; it is, as a rule, cut with a pig 191. Blocksof ion: 
small circular saw into sections, N, and Obtained by ViviEN 
subsequently broken in regular lumps,  '70°°ss- 
O, and sold in boxes, in which they are arranged in regu- 
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lar order. The advantages claimed for this process are mainly 
economy and rapidity of working. 

In the Matthée and Scheibler process the massecuite is run 
into a mould placed in.a slanting position under the filling valve 
(Fig. 192). The air under these conditions may readily escape. The 
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Fig. 192.—Matrure and ScHErBLER Movable Moulds. 

mould is held by two journals upon wheels, in very much the same 
manner as the SCHUEZENBACH boxes. The interior of the box, 6 
(Fig. 193), is divided by sheet-iron 
partitions into 12 compartments, in 
which, after cooling, 12 blocks of hard 
massecuite are formed. ‘These blocks 
are separated from each other by 
transverse plates with openings, allow- 
ng the mas ecuite to enter and the air 
to escape. After a reasonable interval, 
the larger mould on wheels is taken 
apart. A screwing device works on the 
movable bottom, and the blocks leave 
in pairs. At the end of their journey 
they slide down a plane, which separates 
them from the following pair, a special 
device upon the middle of the table 
separating the clusters. The blocks are 
_ then placed ina filter press of special 
Section. design, and occupy the position that 
the scum cake assumes after the filtration of defecated juices. 
















































































Fig. 193.— Detail and 
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The washing or curing of these twelve blocks is the next phase 
of the process, and for this purpose cleares are run through the 
apparatus, just as water is used in the case of scum washing. The 
cleare circulates at a pressure of 14 atmospheres, first driving out 
the mother liquor, and then washing the crystals, thus removing 
the last trace of impurity. At the end of the apparatus, where the 
after-products are escaping, a vacuum is created, and, as the syrups 
enter a graduated glass reservoir, one may, at the same time, judge 
of the quality of the cleare used and the aspeci of the after-product. 
The press is taken apart when the operat'on is thought to be com- 
pleted. These presses are so constructed as to prevent the loss of any 
cleare. The blocks are then all placed in a special centrifugal, and, 
when the swing-out operat on has continued for the desired period , 
they are taken apart, the separation of the bars or cakes being 
readily accomplished. They are then taken to the dryer, sawed 
and broken into lumps, and packed. 

Regarding this process, Drost and Scuuuz claim that, when 
a massecuite from a refinery is left to itself to cool, the cleare in 
crystallizing will cement the crystals together, and the sugar is 
compact in the lower part of the mass. These experts have a pro- 
cess of their own, in which the cakes are introduced in clusters 
into an apparatus consisting of a horizontal cylinder, slowly re- 
volving on its axis. Under these conditions, any settling of the 
sugar at one end of the cake is impossible. 

In the Tietz-Selwig and Lange process the massecuite, after 
it has been reheated, is run into long horizontal galvanized-iron 
moulds, which are open on top and divided into three compart- 
ments by movable partitions. These boxes are filled with masse- 
cuite until the surface is slightly above the upper border of the zine 
partitions dividing the three blocks, and the mass is allowed to 
solidify. Before the mass is completely hard, 
the surface product is scraped off and made 
level. The blocks being hard, they are readily ~ 
taken from their moulds by turning the boxes 
upside down upon a table and giving a slight 
shock. The different blocks are separated, and, “WP 
in order that they may be more readily handled, 
they are placed in an iron frame with a handle yg. 194. Frame 
(Fig. 194), and tightly held by means of screws ce Blocks of 
and a plate, ». The portion, r, and the at- eaee 
tachments on the other side of the frame, help to keep the frames 
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in position when they are placed in the centrifugal (Fig. 195). These 
borders are tightly held by S, which are fixed by means of suitable 
screws. In front of each of these clusters is a perforated sheet-iron 
disk which holds the plates of the frames, and at the same time 
allows the swing-out to pass through. 

After this phase of the operation is completed, the blocks are 
withdrawn and placed in a receptacle in which a vacuum is pro- 
duced, and into which a cleare is introduced that is allowed to re- 
main in contact with the blocks for about ten minutes. Then the 
blocks are placed in a second centrifugal, where the swing-out 








Fie. 195.—Top View of the Tintz-Setwie and Lance Centrifugal. 


operation lasts for fifteen minutes. The after product from this 
operation is used to make crystallized sugar. It is recommended 
that the same operation of curing be repeated in a third receptacle, 
then in a third centrifugal, using in this case a eleare made with 
a very superior sugar. After the last centrifugating, the blocks 
are unmounted and all the zinc divisions are removed. The cakes 
are arranged in suitable wooden holders, subsequently placed in 
the dryer for a few hours, and are then sawed up into bars and 
broken into lumps of a desirable size. At the factory of MERCIER 
& Co., Bresles (Oise), France, the results tabulated on page 447 
were obtained. 

A plant consisting of three Trmrz-SeLwia and LANGE centrif- 
ugals gives 20,000 kilos of lump sugar per diem. 
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RESULTS OBTAINED WITH TIETZ-SELWIG AND LANGE CENTRIFUGALS. 
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Adant process.—In order to decrease the Jabor, ADANT proposed 
moulding the cakes in the drum of the centrifugal. In reality, 
the massecuite is run into a movable mould on wheels, which is 
entirely independent of the centrifugal itself (Fig. 196), and consists 





Fig. 196.—Movable Mould on Wheels. 


of two cylinders connected at their bottom, allowing between them 
an annular space, A, in which an annular block of massecuite is 
formed. This block may be removed at the proper moment and 
placed in a ring-like space of the centrifugal of exactly the same 
dimensions (Fig. 197). The annular block is made up of massecuite 
and a sort of metal skeleton that gives the desired shape to the 
blocks. The skeleton is formed by two circular bands, J, 75 cm. 
apart, and connected by eight iron wedges, D (Fig. 198). Four of 
these wedges are movable, but the four others are fastened to the 
lower circular band, and have on top a threaded portion which pro- 
jects beyond the upper band. This permits the whole combina- 
tion to be well and firmly bolted together. The entire skeleton 
may be lifted by means of suitable handles on top. 
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When filling with massecuite, another 


band with eight funnels is substituted for this upper 
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Fia. 197.—Section of Avant Centrifugal for Sugar in Cakes. 









The space left between the eight wedges is vertically divided 


into eighteen compartments, and horizontally into three or four 
divisions by means of galvanized disks, which limit the length and 


thickness of the cakes. 
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circular. 
washer. 


The regular band is replaced in position when the mass 
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is sufficiently hardened. As this takes place in the receiver on 
wheels (Fig. 196), the total load of the centrifugal, consisting of 475 
to 500 kilos, is run in one operation. After the massecuite has hard- 
ened, which takes¥about 15 hours, a hydraulic crane removes the 
annular mould, with its contents, and places it in the centrifugal, 
which is then closed. This block leaves between it and the portion, 





Fia. 198.—Plan of Apant Centrifugal. 


B, of the centrifugal, a space, J, of 7 mm. for the distribution of 
the cleare, which is introduced through G and the passage H (Fig. 
197). The exterior portion of the block is held in position by the 
perforated filtering portion, F, of the drum of the apparatus. At 
the bottom it is supported by C, made solid to B. 

The centrifugal is set spinning at a normal velocity of 700 
revolutions per minute, and the green syrup is separated. After 
the speed has been reduced to 200 revolutions, the cleare is intro- 
duced into the apparatus under a pressure of about one-half an 
atmosphere, after which a higher speed is given to the centrifugal. 
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The spinning is diminished again for the introduction of a second 
cleare made from very pure sugar, and the velocity is raised once 
more to 700 to complete the swing-out entirely. With the same 
hydraulic crane that was previously used, the cured mass is re- 
moved from the centrifugal, and the movable wedges are taken 
apart. The blocks may be readily separated, and are then placed 
in the dryer, and subsequently broken up into lumps. The moulds 
must be thoroughly washed before receiving their next charge. 

The filling of the moulds outside of the centrifugals has the 
important advantage of reducing the amount of apparatus needed. 
The working under these conditions is almost continuous. To 
each centrifugal there are 20, 30, or even 40 of these moulds, and 
in 24 hours one may obtain 16,000 kilos of refined sugar in each 
appliance. The amount of cleare consumed is 80 liters per load 
of the centrifugal. 

The St. Quentin method.—The St. Quentin Company con- 
structs a centrifugal very like that of ADANT, but in many respects 
much simpler, and having a different method of running the masse- 
cuite into the annular space. Figs. 199 and 200 represent the ar- 











Fia. 199.—St. Quentin’s Mould Fie. 200.—Detail of Mould Showing 
on Truck. Partitions. 


rangement and show the mould mounted on its form; a is the 
outer side, and b the inner side. The mould consists as usual of 
two circular disks, c and d, held in position. by the wedges e, 7, g; 
between these are placed the separating partitions h, h, etc., be- 
tween which is run the massecuite, which, upon cooling, gives the 
bar of sugar. The upper disk, c, of the mould has a projecting 
border, 7, and the inner surface of the form has a conical portion, 7; 
the border, 2, and the cone, 7, form together a circular funnel, m, 


SUGAR IN CAKES AND BARS. 451 


in which flows the massecuite in the direction, x, into the com- 
partments of the mould by the annular section, kl. The level of 
the massecuite is established in the funnel, m, above the circular 
plate, c, and under these conditions every portion of the mould 
is filled. 

When unmounting the apparatus, the massecuite that has 
cooled in the funnel, m, is removed with the mould and may be 
readily scraped off. The mould is lifted out by the hooks, and 
may be suspended by the arm of a suitable crane, while the mould 
containing the massecuite is lowered upon a circular knife, n (Fig. 





Fie. 201.—Circular Knife for Dressing the Mould Sugar. 


201), attached to the ground. The cutting portion, o, of the knife 
may be horizontal or oblique. When unmounting the moulds of 
most of the combinations now used in centrifugals the upper disk, 
c, must be taken off. As this demands considerable labor and 
must be done rapidly, it is frequently neglected. By the new 
arrangement under consideration, c is not taken off, but, as before 
mentioned, c and d are braced by fixed wedges, e, g, several of which 
are exceptionally solid, so as to resist the pulling at the handles, c. 
Between these fixed wedges are other movable wedges, /, which 
may be put in position or taken out without difficulty, the grooves, 
r and q, in the disks, ¢ and d, facilitating the placing in position 
of 7. When taking the mould apart, the first operation is to remove 
the movable wedges. ‘This permits one to handle the first sugar 
cakes attached to these wedges, and the divisions, h, h, etc., are 
then removed without difficulty. The operation for mounting 
the mould is just the reverse.1 

The Huebner and Schroeder process.—This method consists 
in agglomerating the sugar in the centrifugal so as to form cakes. 
In their latest model of centrifugal, the interior of the drum is 








1§. B., March, 1903. 
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divided by numerous wedges, a (Fig. 202). The spaces between 
these represent the size of the final cake. The massecuite is tight- 
ened so as to contain 6 per cent of water. This is run into a tank 
at 62° C., and about 6 per cent of a cold syrup at 36° Bé. is added, 
which mixture should be actively agitated so as to prevent the 
formation of lumps. The mass is then cooled to 50° or 54° C., and 
the centrifugal is set spinning at a velocity of 200 revolutions. 
The filling is accomplished in one operation. It is claimed that 
the spaces left by the wedges receive their share under identical 
conditions. The speed is increased to 1,000, and after five minutes, 





Fie. 202.—Plan of HurEBNER and ScHROEDER Centrifugal. 


when all the green syrup has been swung out, it is reduced to 500, 
and the curing is done with about 25 to 30 liters of cleare, having 
a purity of 99, a density corresponding to 38 Bé., and a tempera- 
ture of 94° C. A second curing is accomplished under the same 
conditions, but with an absolutely pure syrup, at 38° Bé. and 
a temperature of 94° C., made by remelting sugar wastes. This 
operation lasts for about three minutes. The two cleares are 
gradually added in small repeated doses. The spinning then con- 
tinues for twenty minutes at 1000 revolutions per minute, so as 
to cool and dry the sugar during that phase of the operation. 
The hot saturated cleares crystallize in the interior of the mass, 
and will cement the crystals to one another. When the cen- 
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trifugal comes to a standstill, the sugar still retains 0.70 per 
cent of water. The unmounting offers no difficulty on account 
of the shape of the cakes obtained. These are then sent to the 
dryer. The sugar made by this process is sufficiently hard to 
be carried any distance; it may be considered pleasing to the 
eye, and the sides of the cake dissolve as readily as the rest, 
A centrifugal of this kind has an efficiency corresponding to 9000 
kilos of massecuite per 22 hours.!_ In some cases the movement 
is given by suitable belting, in others by a triphased electrical 
motor. 

In connection with the process just described, it is interesting 
to consider the manufacture of cakes intended for crushed sugar. 
For this there are two processes, or, at least, two methods of work- 
ing. By the WeInRIcH and SCHROEDER process the massecuite is 
run into moulds having the shape of an arc of a circle. These are 
cooled and subsequently placed in a special centrifugal, five of 
these cakes exactly filling the drum of the apparatus. The curing 
is conducted as usual, but is completed by a steam washing, which 
cements the sugar crystals together. By the Fxrsca process the 
massecuite is run into the drum of the centrifugal, treated like 
granulated, and cured with steam. A few instants before stopping 
the spinning, the steam is withdrawn and the crystals cement them- 
selves together, thus forming one continuous annular cake, which 
must be broken into lumps before it can be extracted from the 
apparatus. As this sugar is to be crushed, the irregular shape of 
the lumps obtained is of no importance. 

Continuous methods for the production of sugar in cakes 
and bars. — Numerous efforts have been made to devise some 
automatic apparatus for the continuous manufacture of cakes and 
bars, thus eliminating labor as far as possible. 

The new PRANGEY combination is continuous in its action 
and consists of three separate parts,—a moving metallic band, 
upon which the massecuite becomes more or less solid; a table 
where it is cut into bars; and another moving table upon which the 
bars are broken into lumps and then dried. The moving metallic 
apron upon which the massecuite solidifies is fifteen meters in 
length; the thickness of the strip of the product depends upon the 
height of the distributing hopper from the apron, and its width 
is regulated by lateral strips. The distributor has a double surface, 


1 Fourth Congress, p. 120, 1902. 
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through which steam circulates, keeping the mass sufficiently 
liquid. In the interior are agitators which keep the product thor- 
oughly homogeneous. During its journey upon the apron it passes 
over portions that are in communication with a vacuum apparatus, 
where the after-products are drawn off, and the purging, etc., then 
follows. 

Experience shows that a slight heating is necessary to keep the 
shape of the bar of sugar from changing. The drying appliance 
is a compartment containing a moving apron, upon which the 
product is brought in contact with hot dry air. At the end of its 
journey it is projected upon several circular saws, where it is cut 
into bars of regular size, which are broken by a special apparatus. 
As the lumps obtained are more or less moist, they must be still 
further dried before being delivered to the consumer. The drying 
by means of hot dry air in this case, also, is effected upon aprons 
that have a backward and forward motion, giving to the lumps 
an irregular position on the band, thus making it impossible for 
the lumps to stick together. The lumps are subsequently placed 
in boxes and delivered to the trade. These machines can handle 
ten tons of sugar per diem, and the whole operation, from beginning 
to“end, requires no skilled labor. While these continuous processes 
have certain,evident advantages, they have not been as generally 
introduced as one would suppose. Experiments continue to be 
made, and it is thought that, pete long, some practical solution 
ofthe problem will be reached.’ as 

4 |Agglomerates. —In all the processes described in the foregoing 
the sugar is remelted, not necessarily with the idea of attaining a 
higher degree of purity than can be reached in a sugar factory, 
but to give the sugar crystals another shape and to cement them 
together. From the time of the early processes of sugar manu- 
facture until to-day, numerous experiments have been made for 
the 7purpose of doing away with the remelting, which always in- 
involves additional expense and certain sugar losses. 

In 1864 FINKEN proposed in America that some method be 
used for compressing the massecuite into cakes. All the processes 
that have been suggested since then have a certain similarity. 
The sugar is moistened with water, or it is mixed with a white cleare 
to constitute a paste that can be blocked. Among numerous pro- 
cesses, mention may be made of the STEIN and CRossFIELD ! method, 








1 Oe.-U. Z., 28, 502, 1899. 
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in which sugar crystals are mixed with a saturated solution of sugar 
in a proportion determined upon in advance, so that the cakes or 
bars to be produced will have sufficient cohesion. This mass is 
forced by a vertical spiral into two openings in a table, in which 
there is an alternating compressor very much of the same design 
as that used in the manufacture of bricks. This motion is so ar- 



































Fie. 203.—Pz1uuas Press for Agglomerates. 


ranged that, whenever there is a space under the distributing 
spiral, the other compartment, already filled with the mass, is under 
the plate, where it is submitted to a slight pressure. The cakes 
are mechanically removed from their moulds and dried, and are 
then either broken up into lumps or sawed into pieces of a specified 
size. This sugar has very much the appearance of the refined 
product. 

Sugar agglomerates are never very homogeneous, and when 
when melted they leave irregular deposits that are not pleasing in 
appearance. ‘Then, too, cohesion is lacking, and for this reason 
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they are not readily shipped. The following process is said to 
overcome the difficulty in a measure. Prancry! crushes the 
crystallized sugar into small lumps, but not into a powder, and 
uses for the purpose a VaAPART crusher. This crushed mass is sifted, 
ventilated, and passed over a suitable bolter. The crushed sugar 
is mixed with a hot saturated cleare in a double-bottomed re- 
ceptacle. There is produced a pasty mass at 70° to 90° C., which 
is poured into suitable moulds. This process consists in preparing 
a massecuite just as it done in the sugar refinery, but does away 
with the remelting. During the curing in the moulds, the sugar 
of the saturated mother liquor will crystallize and fasten the crys- 
tals together. 

Among the presses for agglomerates that have met with some 
success, mention should be made of the Pzruuas (Fig. 203) apparatus. 
It consists of a mixer that distributes the crystal paste into open- 
ings of the drum, 6. This drum revolves, and when it is in front 
of the piston, e, the moulded bars are pushed out onto the table, m, 
which, owing to a combination of levers, s, 1, p, and g, advances 
a little more than the width of the bars. When the table is full 
it is taken to the dryer, and another one is put into place. In 
a more recent design by the same inventor, there is a horizontal 
moulding plate instead of a cylinder. One of the greatest diffi- 
culties in operating these compressors is the regulation of the in- 
tensity of the pressing, and the forward motion of the fresh lumps 
or bars. 


Bull. Asso., 18, 166, 1895. 


CHAPTER IV. 
SAWING, BREAKING, AND CRUSHING SUGAR. 


Sawing.—For sugar sawing, saws of varied shape and size are 
used. As previously pointed out in the handling of loaf sugar, 
the loaves are cut in horizontal layers to obtain a series of rounds, 
but sawing sugar loaves is now fast becoming obsolete. The saws 
generally used for sugar cakes are circular, and several are placed 
side by side, their number depending upon the length of the cake. 
But in all cases the sawing involves only one operation and gives 
a series of bars, the width of which may be regulated by spacing 
the saws by means of washers placed upon their axis. For every 
change made in the saw spacing, a like change must be made in 
the guiding plate, or table, into which the saw penetrates. While 
the sugar is being cut it is firmly held in position, and the resulting 
bars are subsequently guided. In most cases the cakes are simply 
pushed against the saws by rods, but this method has the disad- 
vantage of not being continuous in its working. 

In the new type of saw of the Pz1LLas model this difficulty, like 
many others, is overcome. This saw will cut bars of different 
widths without the lower plates being placed under the saws. 
The spacing rings between the saws are changed to meet the de- 
mands of the market. The speed of the moving device for the 
bars is regulated by a differential pulley. In the Borssarr saw, 
the forward movement is obtained by two grooved rollers, which, 
by means of springs, press the cakes against the saw. One of the 
rollers is worked by a suitable gearing, and the ultimate motion 
obtained is very regular. The cutting table has such a slant that 
the bars obtained simply slide down it. 

Sugar sawing always makes a great quantity of dust. Many ex- 
perts claim that there is some sugar destruction during the sawing 
caused by the heat generated. The amount of powdered sugar 
obtained during the cutting depends upon the width of the teeth 
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of the saw and the thickness of the bar to be cut. There are ad- 
vantages in using the thinnest possible saws, but this idea must 
not be pushed too far, or the saw will not be strong enough to do 
the work. It is evident that the loss will be less if the cake is 
exactly as thick as the final sugar lump is wide, as the section cut 
per unit of lump is less. The manufacture of thin cakes for carry- 
ing out this idea offers certain difficulties—the curing is not so 
rapid and more labor is needed. On the other hand, the drying 
takes less time. The question must be decided for each special 
case. 

Upon general principles, experience shows that the fewer the 
number of sawed sides of a lump of sugar the more acceptable it 
is to the consumer. The smooth, dirty-looking sawed surface 
contrasts unfavorably with the white crystal-like aspect of the 
natural surface. SCHEIBLER! proposed to overcome this difficulty 
regarding the appearance of sawed surfaces by simply projecting 
on them either a sugar solution, water, or steam, and allowing 
the syrup thus formed to crystallize. 

Breaking.—When sugar is brought by a shock in contact with 
a cutting edge it is broken with ease, but, to obtain a more or less 
regular surface, two knives must be used at the same time on op- 
posite sides of the bars. Precaution must be taken to have these 
knives almost exactly facing each other. The single blade ap- 
pliances are rapidly becoming obsolete, as the dust accumulating 
upon the table that offers the resistance is a source of irregularity 
in the working. 

The new SIELMANN? table has as many grooves as there are 
knives, these grooves being somewhat broader than the knives 
and widening at the bottom. To prevent an accumulation of pow- 
dered sugar between the lower knives, openings are placed at regu- 
lar intervals at their lower extremities sufficiently wide to allow 
the sugar to escape; furthermore, there is a double slanting edge on 
the piece upon which all the lower knives are fastened, so that the 
powdered sugar more readily slides off through the opening left 
between them. 

The Von Niessen? sugar breaker consists of an oblique table, 
over which slide, by gravity, the sugar bars that have been pre- 
viously cut by circular saws. During their descending movement 
they are guided so as to enter the breaking apparatus, which has 
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SAWING, BREAKING, AND CRUSHING SUGAR. 459 


two knives working in opposite directions and placed at the other 
extremity of the slanting table. The rods of the guiding device 
are all connected by an endless chain winding around two drums, 
one of which has an intermittent slow rotating motion which may 
be regulated by a ratchet-wheel receiving its movement through 
an excentric placed on the principal axis of the machine, and which 
has a connecting rod with the ratchet-wheel. This motion may 
be regulated by a very simple device, which allows lumps to be 
made of varied sizes, as the local market may demand. When 
the sugar bars leave the circular saws they are cleaned by suitable 
automatic brushes. The apparatus in its practical working is eco- 
nomical and labor-saving, as it does away with all carrying between 
the sawing and breaking. 

Evidently the sawing causes more waste than the breaking, 
and hence every effort is made to do away with it altogether. 
The double knife-breaker of ScHEIFER, the first device of this kind 
used, continues to be much appreciated. It consists of a table hav- 
ing a backward and forward horizontal motion, which is effected 
by means of a ratchet-wheel (lig. 204). The squares, NV, receive 














the cakes of sugar and carry them towards B, where they are 
broken into bars. The position of the bars remains unchanged 
throughout their journey until the knives, B’, perpendicular to B, 
perform the final lump cutting. The knives, B and B’, are on a 
solid frame which raises and lowers them at the same time by 
means of a double lever working on the bearings, Z, Z. At the 
other end of this apparatus women collect the lumps and arrange 
them in boxes. This machine! is now constructed on the same 
principle, but with top and bottom knives cutting in one direction 
entirely independent of those cutting in the other, each having 
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a velocity of its own. Under these conditions it is possible to ob- 
tain lumps of any desired size, instead of the square lumps given by 
the original apparatus. 

Owing to the fact that a considerable quantity of agglomerate 
sugar is sold, purchasers of lump sugars insist that the edges be rough. 
This has necessitated some changes in the manner of cutting the 
loaves. The GerLoFF! method consists in sawing these into disks 
about three times the thickness of the proposed lump, then, with a 
special breaking machine, the disks are split in two directions at 
right angles to each other, and each perpendicular to the direction of 
the sawing. The lumps thus obtained are again broken and have as 
a maximum one sawed surface, and at least one-third of the final 
lumps have rough surfaces and no sign whatever of the saw. 

Prssk 2 has proposed to slice the sugar cakes fresh from centrif- 
ugals when they are still moist. The bars are placed on a table 
and pushed by a sliding motion towards the rotating cylinders; 
as new bars are cut they are pushed to the end of a small table, 
from whence the lumps are carried by a moving apron. As this 
travels faster than the lumps are deposited on its surface, there is 
a space between them. The lumps move through several heated 
rooms, and their moisture is thus eliminated in a very few minutes, 
instead of in several hours, as is required when drying the cakes. 
It is claimed that this rapid method of drying does away with 
colored spots on the surface, that are frequently noticed in cases 
where the bars remain too long in the ovens. It has been noticed, 
furthermore, that, when the bars are cut wet, the lumps have a 
brilliant appearance, while, when the cutting is done upon hard 
and dry bars, the friction of one crystal against another has a con- 
trary effect, and their appearance is not so attractive to the eye. 

Always with the view to economizing labor, efforts have been 
made to automatically arrange and pack the sugar. In Fig. 205 is 
shown the Prerer classifier and packer. The bars are placed on 
the table, a, and made to move forward by the cog-wheel, 6; they 
come under a double-cutting system of knives that receive their 
motion through A. One of the sides of the frame, a, is more or 
less movable, so that the sugar bars will not be jammed and wedged 
during the cutting action. After the lumps are obtained they con- 
tinue to move on through the action of the cog-wheel, f, and fall 
into a wooden box, the top and bottom of which having been re- 
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moved, a temporary movable bottom, g, receives the row of sugar 
lumps. A lever, G, with counterpoids, presses all the row well 
into the box. The plate, g, is then lowered exactly the height of 
the lump. This motion is obtained through the wheel, H, the end- 
less screw, s;, and the rack, p. The contents of the box, J, is held 
in position by the counterpoise, 7}; but when the entire load has 
been filled it lets the plate, g, rest on the bottom, H. The box is 
then removed with its contents. The movable bottom, g, held in 
position by suitable angle irons, prevents the lumps of falling from 
the box. The latter is placed upon a table, boards are nailed on 
top, it is then turned over, and the real bottom is nailed on. During 








Fic. 205.—Fierer Classifier and Packer. 


this interval a new plate, g, has been put in position, and the new 
box is being filled. 

The cutting of the bars occasions some loss, caused by the crushed 
or broken edges, and, furthermore, a certain amount of irregular 
sugar is obtained. It is to be noticed that the regular lumps, with 
their angular edges, do not present the same aspect as the irregular 
ones, and, as this is not pleasing to the consumer, the irregular ones 
have to be separated. The yields obtained by the different methods 
of sawing, breaking, etc., are as follows: 
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YIELDS OBTAINED BY DIFFERENT METHODS OF SAWING. 


- Tietz cakes Gales 
Different products. Loaves. Vivien cakes.} (Selwig and Adant 
Lange). : 
(1) (1) (2) (3) 
Per cent. Per cent. Per cent. Per cent. 
Regular inimps.7 ec, aseeee ae 5D 15 él 83-88 
Irregular lumps... .......52 30 18 19 3—4 
Crushed and losses.......... E> ws 10 9-7 
1S. 1; 26,58; 1885. ? BEAUDET, PELLET, and SarLuarRD, Traité, 2, 


99, 1894. 3 Id., 102. 


Crushing.—All the lumps and pieces which cannot be sold upon 
the market, either on account of their color, irregularity, or other 
defect, may be crushed and sold as powdered sugar. This crushing 
is done in various ways. The Fresca apparatus consists of a mixer, 
underneath which revolve in opposite directions two cast-iron 
cylinders, which are sufficiently near each other to crush these 
waste products satisfactorily. Special scraping devices upon the 
surface of the cylinder remove all adhering portions, but these must 
not be mixed with the powder. For another variety of this semi- 
powdered or crushed sugar a combination of cylinders is used, on 
the surface of one of which there is a regular, coarse roughness, 
and on the other a finer roughness to subsequently receive the 
semi-crushed wastes. The result is not exactly a powder, but a 
mass of irregular grains, crystals, etc., which is subsequently 
sifted. This form of sugar appears to have a ready sale in Italy. 


CHAPTER V. 
AFTER-PRODUCTS AND SUGAR LOSSES BY REFINING. 


After-products.—It has been shown that, to obtain perfectly 
white sugar, it is essential to start with a massecuite of the highest 
possible purity. Under these conditions, the return to the pan 
of the green swing-out syrups from the centrifugal cannot be 
thought of, as there would be no heavier yield; on the contrary, 
the results would be inferior to those obtained without this ad- 
dition. Some factories are even unwilling to introduce into the 
pan the comparatively pure swing-outs left after curing with a 
pure cleare. 

Formerly the green syrup and the cleare swing-outs were used 
for the manufacture of second-grade refined sugar,’ known as 
bastards, lumps, etc. At present there is a general tendency to 
simplify the working of these special after-products. All the ma- 
terial that is sufficiently pure to exert no influence on the final 
sugar is introduced into the pan during the graining of the masse- 
cuite intended for refined, and what remains is grained as an after- 
product to be at once remelted. In this method of working, the 
most important point is to effect a complete separation of the 
after-products, under which conditions only a minimum quantity 
_ of non-sugar is returned to the pan. 

For the after-product of an average and of a low purity, the 
processes are entirely different. Mirrenstarpt ! recommends that 
the refiner’s after-products be classified into two principal divisions, 
those of a purity higher than 80 and those of less. The sugar from 
this after-product is dissolved in filtered water and mixed with 
superior swing-outs. The mixture is brought to 60° Brix, and 
after the addition of a small quantity of lime it is filtered and 
grained in pan. After the crystals are sufficiently formed, diluted, 
and filtered, the low-grade after-product is drawn into the pan. 
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The graining lasts for at least 10 hours. The massecuite is then 
sent to the crystallizators, where it is mixed for several days before 
being centrifugated. In most refineries one still finds the old crys- 
tallizing tanks for the after-products. Sometimes it is run into 
a series of small boxes of about two kilos capacity, but as this is 
very expensive it has been replaced by the crystallization in mo- 
tion. In general, it may be said that there is very little difference 
in the methods of working after-products from refineries and the 
swing-outs in case of the manufacture of raw sugar. There re- 
mains a final molasses that is not quite of the same composition 
as that from raw sugar; but the difference is very slight, and sugar 
may be extracted from these residuums by exactly the same pro- 
cess. 

Losses.—The extent of losses in the manufacture of white sugar 
continues to be a subject much discussed among experts, but an 
understanding cannot be reached, because these losses depend 
not only upon the care given during the varied manipulations, 
but also upon the process adopted in the production of white sugar. 
The working of a refinery in order to attain a complete exhaustion 
of the after-products is continuous and tedious; and, furthermore, 
there is considerable difficulty in keeping separate the different 
products at different periods of the working. Exact data relating 
to the subject is not readily obtained. WasiLieFF! claims that 
the loss of sugar in refineries is due to a decomposition during its 
storage, to changes during graining, and also to a decomposition 
during sawing. The most important of allare the mechanical losses 
in the massecuite moulds and those due to curing. They are great- 
est when making hard refined sugar. 

LIpPMANN divides the losses during refining into two pune 
classifications: (1) The losses in substance, for one never obtains 
in finished refined sugar and molasses 100 per cent of the primitive 
substance; and (2) losses of polarization through the retrogression 
of the products, which méans that the polarization of the finished 
product and that of the molasses does not give 100 per cent of the 
polarization of the raw sugar entering the refinery. The nature of 
the losses is sometimes mechanical and sometimes chemical. The 
mechanccal losses are due to the formation of scums in the cleares, 
losses in the boneblack filters, the adherence of sugar to the bags, 
the loss by theft of the workmen, and the slight excess in weight 
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granted to the consumer. The chemical losses are due to sugar 
destruction. 

Notwithstanding the fact that the extent of the losses is in a 
measure dependent upon the kind of raw sugar used and refined 
sugar made, and the perfection of the refiner’s plant, allowing 
greater or less rapidity in the modes of extraction, it may be said 
that the loss in substance is 1 per cent and in sugar 1.33 per cent 
during the average working. The chemical losses during graining 
cannot be estimated. By the now obsolete processes, the refiners’ 
products were grained so often that the volume of the massecuite 
worked during an average campaign weighed 5.5 times more than 
the raw sugar originally handled. At present this weight is 2 to 
2.25 times that of the raw sugar entering the refinery, and the 
losses are considerably lessened. LIppMANN very justly maintains 
that after each cooking of the juices there follows a loss of polari- 
zation that may vary from 0.3 to 0.5 per cent. However, there 
remains 0.3 per cent of unknown chemical losses. A portion of the 
sugar decomposes into furane, furfurol, acetone, and formic and 
acetic acid compounds. It is maintained that all these products 
may be formed, and yet the sugar is not necessarily inverted. The 
invert sugar estimation! would, consequently, lead to erroneous 
conclusions. The phenomena that take place are much more 
complicated and the sugar losses higher. 

According to StapE,? during refining there is a known loss of 
0.6 per cent and an unknown loss of 2 per cent. On the other hand, 
there is an increase in the percentage of non-organic sugar of 0.3. 
per cent. From this, one may conclude that at least a portion of 
the sugar is destroyed during refining. Lippmann? has noticed 
very much the same losses,—2.49 per cent for the total loss, of 
which 26.7 per cent is found in the char and the sweet water, while 
all the sugar lost could be found in the organic substances. This 
loss must be entirely attributed to the graining, and this increases 
with the impurity of the massecuite, the high alkalinity of the 
juices, the height of temperature during graining, and the duration 
of the strike. 


Di Zl. 28.03% 1008. 
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UTILIZATION OF RESIDUES. 


CHAPTER 1. 
EXTRACTION OF SUGAR FROM MOLASSES BY OSMOSIS. 


Melassigenic factors.—In theory, molasses is a final product of 
sugar manufacture, from which no more sugar can be extracted 
under the usual conditions of working and crystallization. Ac- 
cording to CLAASSEN, the theoretical explanation of the inability 
of molasses to crystallize is that the non-sugar keeps the sugar 
in solution, and inversely the sugar holds the non-sugar in solution 
at all degrees of concentration and temperature. 

DuBRUNFAUT attributed the non-crystallization of the sugar 
mainly to the salts which the residuum contains. His first argu- 
ment was that one part of salts could prevent five parts of sugar 
from crystallizing, and after a long series of experiments he finally 
adopted the coefficient 3.73. 

Scuuxow ! demonstrated by his experiments that the presence 
of salts and non-sugar in molasses increased the solubility of the 
sugar proportionately to the concentration and the temperature. 
This melassigenic action does not hold good for certain salts, such 
as calcium chlorid, until it reaches a special concentration, and 
for other salts, such as potassic nitrate, only when they are at a 
certain temperature. At 30° C. there will be less sugar dissolved in 
water containing this salt than there would be in pure water. The 
variations of organic substances with the same quantity of salts 
appear to have very little influence. Potassic sulphate and soda 
affect only in a slight degree the solubility of sugar. 
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According to Hrerzretp the non-sugar of molasses contains 
lactic, acetic, formic, butyric, succinic, and fatty acids in consid- 
erable proportions, as well as lactic, succinic, valerianic, and 
butyric ethers and caramel. The quantity of acetic acid alone 
explains the presence in the molasses of so large a proportion of 
sugar that will not crystallize, allowing for the exceptional melas- 
sigenic power of potassium acetate. The quantity of lactic acid 
is such that it would possibly pay to extract it from this residuum. 
Then again the excessive viscosity of the concentrated after- 
product may be the cause of the non-crystallization. In this case 
the viscosity may be caused by an abnormal supersaturation of 
this residuum or by a low temperature. This may, in a measure, 
be corrected by increasing the temperature. Very often a crystal- 
lization might be obtained before the swing-out under considera- 
tion becomes a final product, but it is considered that the viscosity 
prolongs too much the time necessary for crystallization. 

LIPPMANN® replies, to those who believe that viscosity is a 
melassigenic factor, that his numerous experiments have demon- 
strated that osmosed molasses has a higher viscosity than the re- 
siduum had before being submitted to this operation, and, notwith- 
standing this fact, it will readily crystallize, and the non-osmosed 
product will not. The whole question of molasses formation con- 
tinues to be the subject of conjecture. It may be admitted that 
the lowest purity observed in a beet-sugar factory residuum mo- 
lasses is 54 to 55. CLAASSEN points out that, even with exceptional 
care, the purity is 58 to 60, and in numerous factories it never gets 
lower than 60, and is generally very much higher. It would seem 
that molasses from juices of high purity should have high puri- 
ties. With juices of a purity of less than 91 to 92, one obtains 
generally a molasses with a purity below 60, especially when, 
through extensive defecation, calcic salts are present, which de- 
crease the solubility of the sugar. 

The juices having the same purity, the molasses obtained at 
the beginning of the campaign have generally a lower purity than 
the residuum obtained at the end of the season. The nature of 
the non-sugar in this case, according to the authority last men- 
tioned, plays an important réle in molasses formation. The water 
percentage of molasses, obtained directly after being swung from 
the centrifugal, varies in most cases from 15 to 18 per cent. The 
following composition of a molasses may be taken as an example. 
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AVERAGE COMPOSITION OF MOLASSES. 
Water otk: 0 Aen ge ete ene OO EDeERCOL 
SUBST i ss faq suede Eee eee cs oe ee ee Kk 
Ash (after allowing for the carbonic acid) 10.8 ss 
Extractive substances (non-nitrogeneous). 11.5 


Nitrogen’: soc ie 20 sere aa ae ees enc i. 

TOtalic Si,0ise. thee ork eee ee ee 100.0 - 
Parity quotient, 24. eee eee ae a, a 
Palinie qo tien tis Se ais ene Gee eke ce eee ee ne aa 


The fact is, a large part of the product sold under the name of 
molasses is not in reality molasses. Either this residuum continues 
to contain crystallizable sugar, owing to the fact that the final 
crystallization was neglected, or that before or during the centrif- 
ugaling there was more sugar dissolved owing to the excessive use 
of water or steam during curing. The true definition of molasses 
is, that it is an after-product, from which no more sugar can be 
extracted by the ordinary methods of crystallization previously 
described. There remain other means of extracting sugar from 
molasses, and one of the oldest, and possibly one of the most re- 
liable, is osmosis. 

Theory of osmosis.—In 1826 DurrocueEt! discovered the en- 
domosis of liquids. The phenomenon may be explained in a few 
words. When two liquids that may be readily mixed are separated 
by a porous membrane, or diaphragm, there will be created a pres- 
sure on the surface by the molecules of the liquids, and this will 
tend to force them through the pores of the diaphragm from one 
side to the other in opposite directions. The size of the molecule 
appears to play an important réle, for in one case there is a greater 
tendency to pass through than in another. Temperature, which 
affects the size of the pores and the activity of the molecules, also 
exerts an important influence. When one thus separates pure 
water from any solution of a substance, the osmotic pressure will 
force the water through into the solution, and the latter into the 
water. If the solution is made up of different substances, each 
of these will have a characteristic tendency of its own to work 
through the porous partition. 

It has been noticed that, generally, substances with very simple 
molecules pass more readily than when the reverse is the case. 
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Sugar being a substance with complicated molecules, its dialyzing 
powers are less than those of saline substances with which it is 
combined in the residuary molasses, for most of these are com- 
paratively simple in their molecular structure. DuBRUNFAUT, who 
attributed to these salts a considerable melassigenic power, pro- 
posed to separate from the sugar of the molasses as much of the 
salts as possible, so as to allow other sugar molecules to crystallize. 
In his first experiments, which were most elementary in concep- 
tion, but were later considerably improved upon, he suspended 
in water skins from which all fat had been removed and which 
were filled with molasses. The salts rapidly passed into the water 
through the porous membrane of the skin, together with a certain 
quantity of sugar, but in a smaller proportion than that in which 
they actually existed in the molasses. If the quantity of salts be 
very much greater, a relatively larger amount will pass through. 

The molasses, more or less diluted, remains in the skin recep- 
tacle with a lower saline percentage. When this residuum is again 
concentrated up to a certain degree of supersaturation, it may, 
when cooling, allow an additional quantity of the sugar it contains 
to crystallize. This sugar may be separated by centrifugating, 
and the resulting swing-outs will be a new molasses, which may 
again be submitted to an osmose treatment, etc. However, there 
is a limit which cannot be exceeded, and this fact shows that it is 
not the salts alone that obstruct the crystallization of the sugar. 
For certain molasses this limit is reached after the second osmosis, 
and then again for other types of this residuum the operation may 
be advantageously repeated six or seven times. It is evident in 
theory that, by the lowering of the salt percentage, all the sugar 
should crystallize little by little. In practice it is found that, after 
a certain limit is attained, the percentage of organic non-sugar that 
osmoses with greater difficulty than the sugar will increase and 
exert its influence in forming an obstacle to the crystallization of 
the sugar, and this occurs to a far greater extent than is generally 
supposed. Consequently, from what has been said, it may be 
seen that the practical application of osmose has definite limits 
which cannot be exceeded. 

Dubrunfaut’s osmogene.—The skin bags used for these pre- 
liminary experiments were only points of departure for something 
more practicable. The appliances next used were variations of the 
filter press. Between two large cast-iron disks, one stationary and 
the other movable, are pressed a series of wooden frames. ‘These 
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are of two kinds (Figs. 206 and 207). They have four round holes, 
A, B,C, D, or A’, B’,C’, D’. Between the frames are pressed sheets 
of parchment paper, with four perforations. The apparatus known 
as osmogene consists of a series of small compartments with a com- 
paratively large porous surface between them. One-half of these 
compartments is filled with molasses and the other half with water, 
the circulation of the two liquids being in the opposite direction. 
Water is introduced into the frame at A (Fig. 206), and flows into the 
passage, a, through the thickness of the wood, and into the interior — 
of the frame. After spreading itself over the entire surface of the 
parchment paper, and receiving some of the salts from the molasses 





Fig. 206.—DuvuBRUNFAUT Water- Fic. 207.—DuBRUNFAUT Molasses- 
frame. frame. 


on the other side, this water of exosmosis passes through the passage, 
c, into C, and leaves the apparatus. 

The molasses enters the molasses-frame (Fig. 207) by the passage, 
D’, then flows by ad’ into the interior of the frame and spreads 
itself over the surface of the parchment paper, so as to allow the 
saline substances to pass through into the water on the other side. 
After having undergone this epuration by osmosis, and become 
somewhat diluted with water from the water-frame, the residuum 
rises to the diagonal corner, passes through b’ into the passage, B’, 
and out of the apparatus. 

These frames present certain serious disadvantages regarding 
the logical circulation of the liquids and the rational utilization of 
the porous surfaces. The natural tendency of the circulating 
liquids would be to move in a direct line from the entrance to the 
exit openings, from A to C’ on the one hand, and D’ to B’ on the 
other, without a renewal of the liquid in the other corners of the 
frames. This observation led the inventor to make some important 
changes in the arrangement of theframes. In Fig. 208 is shown a 
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frame in which the liquid entering at c passes by e into the interior 
of the frame, and is compelled to follow a horizontal zigzag road 
before reaching the exit opening, e. On each of these baffle di- 
visions are holes, /, which permit the liquid to escape from one to 
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Fig. 208.—Frame with Zigzag Circulation. 


the other. The small pipe, g, indicates the level of the liquid in the 
water-frames, and serves also as an air-vent during the filling with 
water. In most of these osmogenes the water-frames may be used 
for molasses, and the molasses frames for water, should there be a 
































Fig. 209.—End View of DuBRuNFAUT Osmogene. 


need for this change. This feature is an advantage, as will be sub- 
sequently shown. 
In Fig. 209 is an end view of the DuBRUNFAUT osmogene, which 
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differs from the apparatus just described in certain details. The 
molasses is distributed through the funnel, D, and the water 
enters at H. The air vent is shown at L; V V is the pressure gauge 
and water level. The exosmose water and osmosed molasses leave 
the apparatus through the test jars, F and F’, in which are placed 
suitable hydrometers, so that the working of the osmogene may 
be under constant control. The cock, U, permits a communication 
between the molasses- and water-frames by means of the pipes, S 
and S. When the apparatus is working under normal conditions, 
these passages are closed. These osmogenes may consist of 50 to 
150 frames, and have 22 to 65 sq. m. of osmosing surface. An os- 
mogene! of 50 frames is sufficient for the handling of 1200 to 
1250 kilos of molasses per diem, and an apparatus with 100 frames 
has a capacity of 3000 kilos of molasses in twenty-four hours. 

Parchment paper.—When the principle of osmosis was first 
introduced, it was customary to use real parchment, and, if parch- 
ment paper had not become a cheaper substitute, the osmogene 
now still in vogue would long since have become obsolete. The 
parchment paper invented by PoUMAREDE and FIGUIER is obtained 
by submerging a glazed paper for 30 seconds in a cold-diluted 
65 per cent solution of sulphuric acid. The paper is subsequently 
washed with cold water, then with ammoniacal water, and finally 
in fresh water. This paper when dried has all the appearance and 
important characteristics of real parchment. 

NEUMANN, who was the first to manufacture this paper on a 
practical scale, found numerous difficulties in obtaining a homo- 
geneous and regular product, as the acid impregnation was very ir- 
regular, and consequently the paper could not be used for the pur- 
pose intended. The proportions that had not been attacked by the 
acid did not possess the desired porosity, and the liquid, instead of 
diffusing at those centres, simply filters or runs through, finally mak- 
ing holes on the surface. Little by little these difficulties were 
overcome, and the product now on the market is absolutely homo- 
geneous. It is interesting to note that this osmogene paper? has 
five times the resisting power possessed by ordinary paper, and has 
two-thirds the resistance of real parchment. 

Before these sheets of parchment paper are placed on their 
respective frames, they should be carefully examined. Spots indi- 
cate certain faults, and all torn sheets should be thrown aside. 
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The duration of the paper and results obtained depend not only 
upon the paper, but also upon the molasses being osmosed. After 
an interval of about three to six days, it will be noticed that the 
paper has lost all consistence, and that under the slightest traction 
it will fall to pieces. It is possible to follow the deterioration of 
the paper by the increased coloration of the exosmosed water, and, 
furthermore, the density increases, all other conditions remaining 
unchanged. ‘This increase is regular, and a sudden change is pos- 
sible only through the rupture of the osmosing medium, which 
rarely occurs. 

The average life of parchment paper is one week. The leading 
experts declare that the alteration of the paper is due to the existence 
of a caustic soda alkalinity, but when the alkalinity comes from 
carbonate of soda there is no alteration. Furthermore, there is 
necessarily a mechanical action, caused by the friction of molecules, 
that must not be overlooked. There are also mechancal impuri- 
ties of the liquids, which tend to soil the paper and fill up its pores. 
Hence it has always been insisted that a thorough filtration of the 
molasses and the water were among the essentials for satisfactory 
osmosing. Certain precautionary measures have been taken to pro- 
tect the paper, which are described under another heading. 

Conditions needed for osmosis.—When the methods of osmosis 
were first introduced, the results obtained were only moderately 
encouraging, but several years later the experts began to realize 
what the essential conditions for success were. It was noticed 
that heat was favorable for osmosis, and experience showed that 
the operation should be conducted at a temperature as near as 
possible to 100° C., and under no circumstances should the molasses 
being osmosed be allowed to fall below 70° C., for then the osmotic 
action very materially diminishes, and the salt separation desired 
consequently becomes less. 

As previously pointed out, it is most difficult to decide up to 
what limit the omosing should continue; for this depends upon 
the purchase price of molasses, the selling price of sugar, and the 
cost of fuel. The further the osmosing continues, the greater will 
be the volume of water to be ultimately evaporated; and to obtain 
the desired concentration that would allow crystallization, the 
osmosing may, consequently, be light or excessive. By the latter 
the specific weight of the residuum treated may be brought to 15° 
Bé., while by the former it does not fall much below 25° Bé. Further- 
more, the exosmose-water contains more sugar. According to 
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DuBRUNFAUT, through a light osmosing, when the specific gravity 
of the osmosed molasses is kept between the limits of 25° and 30° 
Bé., one-quarter of the salts is eliminated. It was claimed that 
10 to 12 per cent of the sugar could then be extracted. The fact 
is, the osmosing limit should be determined for each factory. 

Working of osmogenes.—The working of an osmogene presents 
certain characteristics, but no difficulty whatsoever, with few or 
no perturbations, and thus from start to finish it is generally sat- 
isfactory, and requires but very little attention. In starting the 
apparatus it should be first filled with warm water to heat it, then 
emptied, and water and molasses simultaneously introduced into 
their respective frames. The filling of the water and molasses 
frames should be done in pairs as the operation progresses, so as to 
avoid the difference of pressure on either side of the parchment 
paper. When the osmogene is full, the entrance flow of the liquids 
is so regulated as to obtain the desired conditions determined upon 
in. advance at the exit flow. Some recommend that all the molasses- 
frames be filled with hot water before introducing the molasses; 
but this procedure does not give sufficient regularity in the general 
working, and, furthermore, the operation is delayed, and the sugar 
losses during starting are considerably increased. 

To properly regulate the inward flow of the molasses, the re- 
siduum should be heated to a regular temperature, for the reason 
that the viscosity of the molasses varies very considerably with. 
the temperature, and that very variable volumes of molasses could 
be introduced for the same opening of the regulating cock. It is 
necessary that the molasses be free from all mechanical impurities, 
so as not to obstruct the regulating cock, which has a position de- 
pending upon the density of the osmosed molasses and the ex- 
osmose-water. In the jars through which the liquids circulate upon 
leaving the apparatus are hydrometers graduated especially for 
the temperatures at which the liquids are to be maintained. It 
is to be noted that the glass of the hydrometers, by being con- 
tinuously in contact with molasses, will dissolve, and thus give, 
after some time, a very misleading indication. The alteration 
takes place at the point where is formed the meniscus, and there 
frequently follows a cracking at that spot. LANDES? uses spindles 
with a metallic upper portion. Should any difference be noticeable 
in the reading, the hydrometer is adjusted by a few shot. 








i 8.1.6, 807) 1872: 2 Oce.-U. Z., 27, 381, 1898. 


EXTRACTION OF SUGAR FROM MOLASSES. 475 


When the density of the osmosed molasses falls below the limit 
determined upon in advance, the entrance flow of the molasses 
into the osmogene is increased, or is diminished when the exit 
density of the osmosed fluid is too high. On the other hand, if the 
density of the exosmose-water is too high, the entrance flow is 
increased, and if the density in question is too low it is diminished. 
For very light osmosing, the entrance of water and molasses is so 
regulated that the osmosed molasses will indicate 35° Brix., and 
the exosmosed water 3° Brix. The regulation of these densities 
may be accomplished by any person, even after a limited expe- 
rience, and several appliances can be regulated at the same time. 
However, as the man in charge is not always dependable, a number 
of automatic self-regulating devices have been invented and tried. 
The most rational ones are governed by the densities of the liquids 
leaving the apparatus. On the other hand, another combination 
is regulated by the molasses and water as they enter the osmogene. 
Very few of these devices have received practical application. 

Notwithstanding all the care that may be taken to eliminate 
the mechanical impurities from water and molasses, it is impossible 
to prevent deposits upon the surface .of the paper. These are re- 
moved by daily hot-water washing of the osmogene, and also the 
direction of the circulating liquids is changed after regular inter- 
vals of two to three days, that is to say, the molasses-frames are 
used for the water, and inversely the water-frames for molasses. 

Graining of osmosed molasses.—The osmosed molasses is grained 
to string proof in pan. Sometimes difficulties occur during grain- 
ing, and no explanation has been offered as to the exact cause. 
The alkalinity, neutrality, and acidity apparently have very little 
influence on this phenomenon. After this operation is completed, 
the product is sent to the crystallizing tanks, and, by recent meth- 
ods of working, it is handled in the crystallizators in motion. Ex- 
perience shows that in the tanks the crystallization is slow. The 
rooms in which these receptacles are placed are heated to a high 
temperature, and it is at least four weeks before the product is 
ready to be centrifugaled. 

The final sugar obtained has a much darker color than or- 
dinary raw sugar from after-products, as the coloring substances, 
having a complex molecule, remain with the sugar in the osmosed 
molasses. For the same reason, these sugars contain very little 
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ash and a high percentage of organic substances. The osmosed 
sugar is difficult to sell upon the European market, and for that 
reason the general tendency is now to resort to remelting, and a 
subsequent combination with the beet syrups during their work- 
ing at the factory. The swing-out syrups from these sugars is 
again osmosed several consecutive treatments. Under these 
conditions it is possible to obtain from 25 to 30 per cent of the sugar 
contained in the molasses, and, under specially favorable condi- 
tions of working, that amount has been exceeded. The final re- 
siduary molasses is of an inferior quality, either for distilling or 
other purposes, such as desugarization by strontia, for example. 
This inferiority, according to some experts, is due to the low per- 
centage of salts. 

Modifications in osmosis and osmogene.—Numerous modifica- 
tions have been proposed for the working by osmosis. ‘The earliest 
of these was the DuBRUNFAUT calcic osmosis, in which the after- 
products from ‘firsts’? were combined with 10 per cent of milk of 
lime at 20° Bé. before osmosing. This process did not meet with 
success. | 

Many arrangements and devices have been proposed and adopted 
for holding the parchment paper in the frames, and for overcoming 
the rupture of the paper during the filling of frames. The early 
method consisted in stretching a series of strings in the frames on 
both sides of the parchment, but these strings, not being all equally 
stretched, would break, and so did not overcome the difficulty. 
Instead of strings, strips of wood were then used, but these ren- 
dered the construction of the frame extremely complicated. 

SELWIc and LANGE! made frames with brass wires stretched 
lengthwise and twisted in spirals, and introduced at the same time 
another modification in the osmogene, permitting the current of 
the circulating liquids to be reversed by the use of a single cock. 
A considerable economy of manual labor was thereby accomplished 
as compared to that needed for many of the osmogenes now in use. 
The arrangement of the passages for the water and molasses have 
many special features. Another form of frame for the osmogene 
as made in Germany consists of an inside wire network turned 
in elliptical spirals. The arrangement is such as to give the parch- 
ment paper a support over its entire surface, which prevents two 
adjoining paper divisions from coming in contact. It is claimed 
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that both the molasses and the water circulation are then perfect,} 
while at the same time the escape of the air in the frames is greatly 
facilitated. 

LoEw? suggested the use of a porous paper on both sides of 
_ the parchment to hold it, and help it to resist the action of the 
mechanical impurities, which, he states, cause it to be very readily 
broken. Under these conditions, the foreign substances are held 
back, and the life of the parchment paper is, consequently, 19 in- 
stead of 7 days. The MaTHtr and ScHEIBLER method of preventing 
the wear of the parchment paper, which is always greatest on top 
of the osmogene, consists in building the apparatus on a pivot, 
which allows the osmogene to be turned upside down. In this 
way the lower portions of the paper, which are generally in.an ex- 
cellent state of preservation, may be used on top until worn out, 
as the last sheets in this way become the first. From data coming 
under the writer’s notice, it may be concluded that the life of the 
parchment paper is considerably prolonged by this arrangement. 

The Darx improvement is also very important. The general 
flow of the molasses and water is indicated in Figs. 210 and 211, 
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Fic. 210.—Flow of Molasses and Fie. 211.—F low of Molasses and Water 
Water in an Ordinary Frame. in a Frame with Baffle Partitions. 


In both cases, the water enters by a and escapes through d, while 
the molasses enters at m and leaves at p. The width of the lines 
is proportionate to the amount of salts contained in the water 
and the molasses. At a the water is pure, but as it passes through 
the frame it becomes more and more saturated’ with salts, as is 
shown by the shading. On the contrary, the molasses represented 
in block contains more salts at the commencement than at the 
end of its journey, its escape being at p. In order that the flow 
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may be in every respect satisfactory, the currents should cor- 
respond to each other; that is to say, it is essential that the purest 
water and the most osmosed molasses be opposite each other on 
different sides of the parchment paper, and, as the water becomes 
more and more charged with salts, it should meet molasses that is 
more and more saline. This is shown in the frames of the Datx 
combination in Fig. 212, the exit, », of the osmosed molasses being 





Fig. 212.—Flow of Molasses and Water in Darx Rational Frame. 


alongside of the entrance of the water, a, and the entrance of the 
molasses, m, beside the exit, d, of the exosmose-water. Under 
these conditions, the rational currents asked for are realized. The 
lines representing the currents have proportional widths. 

Another characteristic fault of the ordinary osmogene is the 
want of proportion between the section of the entrance to the 
frame and the section of the distributing pipe. This causes an 
irregularity in the efficiency of the different frames. To overcome 
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Fig. 213.—Wanteck Molasses Distributor. 


this difficulty, SeLwia and Lance had a system of special passages, 
which brought the circulation from back to front. The Datx1 
method of overcoming the difficulty is to give different diameters 
to the openings of the different frames. In order to regulate the 
entrance flow of the molasses in the WANrEcK? osmogene (Fig. 
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213), there is placed in the holes of the frames for molasses a pipe, 
M, with slits, n’, corresponding to the openings of the frames. 
Into the pipe may be slid a rod, u, having the same opening as the 
pipe, whereby the two slits correspond to each other, and, by moving 
the rod backwards or forwards, one may regulate the size of the 
slit. 

From the point of view that the quantity of salt eliminated 
from the molasses is always in given proportions, LEPLAY proposed 
an osmogen to serve the double purpose of osmosing on the one 
hand and evaporating on the other (Fig. 214). All the frames 
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Fig. 214.—Lupiay’s Osmogene Evaporator. 


of this apparatus are open on top and communicate with the box, 
A, forming the upper part of all the frames. In this portion there 
is a steam coil, B, which will evaporate the osmosed molasses as 
fast as it escapes from the respective frames. 

Fucus! introduced several interesting changes in his osmogene 
which appears to have met with some success (Fig. 215). It con- 
sists of large pentagonal frames, with the point placed downward, 
and held together by the tightening of the press screw. The osmo- 
gene paper of these frames occupies a square space, leaving free at 
the lower portion a triangle separated from the frame by a horizontal 
lath, and divided in two by a vertical lath. One of these two 
divisions, D1, is used for the circulation of the molasses, and the 
other, D2, for hot water. The frames for the molasses and for the 
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hot water alternate in the press, and are alternately put into com- 
munication with the triangular canal, D!, for the molasses, or with 
the water canal, Do, by the aid of small vertical holes, a, a1, de, 
a3, a4, made in the thickness of the wooden frame. The frames have 
also at their upper part holes, b, b!, b?, 6%, and b4, allowing the 
exosmose-water to run off from the water-frames, and permitting 
the exit of the osmosed molasses from the molasses-frame. ‘The 





Fia. 215.—Fucus Osmogene Frame. 


liquids are run into two jars containing hydrometers, and which, 
according to the density of the liquids, open and close upon the 
arrival of the molasses or hot water in the frames. The apparatus 
is automatic in its working. The fact that none of the joints proper 
is perforated is one of the advantages claimed, as a perfectly her- 
metically closed frame is thus obtained. By a proper combination 
of frames, it is possible to completely change the direction of the 
circulation by turning a special cock. The exit cocks must be 
reversed at the same time. These changes, however, should be 
preceded by a washing of the frames with hot water until the water 
runs off pure. The apparatus may be used as a filter press by 
substituting for the parchment paper some filtering material with- 
out holes. The efficiency is all that could be desired. Some prac- 
tical comparative experiments! made with the Fucus osmogene 
1 SAILLARD, Technologie, 190, 1904. 
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have shown that it has great advantages over most of the other 
types used. 

Utilization of exosmosed water.— Numerous plans have been 
proposed for the utilization of the exosmosed water. When these 
appliances were first introduced, it was customary to allow the 
water to escape into an adjoining stream, but this resulted in 
numerous litigations. ‘To overcome the difficulty, the water was 
run onto the farm lands near the factory. There are various pro- 
cesses for its concentration, with the view of obtaining the salts, 
which are valuable for fertilizing purposes, and also for its fer- 
mentation in order to obtain alcohol from the sugar contained 
therein. The draining upon the lands demanded very extended 
areas, which were not always available; furthermore, the soil 
had to be reasonably porous, so that the salts brought by the re- 
siduary water would not be retained by the surface soil. From 
an economical point of view, where the mode was practicable, it 
was most advantageous, as most of the plant foods were returned, 
and the fertility of the land was thus maintained. The evapora- 
tion of this exosmosed water is a very expensive method of ob- 
taining its salts, unless fuel is cheap, as such waters rarely contain 
more than 5 per cent of dry matter. However, for many years 
the salts were industrially extracted from these waters in a crystal- 
lized form. Saltpeter and chlorid of potassium were obtained, but 
the low market price of these chemicals led to the abandonment of 
the industry. 

It is interesting to note! that, when the water is used as a 
fertilizer, it should be applied in the winter, under which circum- 
stances the organic substances contained in the residuum undergo 
certain changes before the time of planting arrives. This does 
away with any possible objectionable influence of the organic 
compounds upon the sugar quality of the beets. When concen- 
trated osmose-waters are employed, certain precautionary measures 
should be taken, such as an ample distribution of lime upon the 
surface of the soil, as when potassic salts are used. 

The utilization of exosmose-waters for distilling purposes pre- 
sented grave difficulties for many years. It was proposed, and tried, 
that the final osmosed molasses be combined with the exosmosed 
water. Fermentation was not active, even with the use of a su- 
perior ferment. As regards the extraction of sugar by another 
osmosing, as previously pointed out, the problem is again reduced 
to the question of expense of evaporation 
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CHAPTER. I. 
ELUTION. 


General considerations.—Previous mention has been made of 
the combinations of sugar and lime, some of which are insoluble 
under determined conditions. Supposing that a certain portion 
of the foreign substances remains in the solution, their separation 
may be effected through simple filtration. Since PELicor’s first 
investigations in 1838, relating to saccharates of lime, numerous 
experiments have been made to give the phenomenon discovered 
some industrial application. In 1862 an elution patent was re- 
fused to SCHEIBLER, that is to say, a patent of a process based upon 
the formation of an insoluble saccharate in alcohol and the washing 
of this saccharate to separate foreign substances. The saccharate 
obtained was subsequently decomposed through the action of 
carbonic acid into carbonate of lime and sugar. 

Scheibler process.—ScHEIBLER discovered that lime saccharate 
and alkaline oxids are gelatinous when precipitated, and become 
granular when dried. Consequently, the washing of the product 
offers no difficulty. The process under consideration consisted in 
adding recently slaked lime to molasses in such a way as to have 
one molecule of sugar correspond to three molecules of hydrated 
lime. The semi-fluid mass thus obtained becomes compact when 
cooled, but is difficult to wash. The temperature was gradually 
raised to 100° C., and the drying was done at that temperature. 
The mass thus obtained was very friable. It was placed in large 
iron receptacles, not unlike the diffusors of a diffusion battery, 
but called elutors, in which alcohol at 35 per cent in volume was 
used for washing. . 

Finally, there remained a saccharate, more or less pure, which 
was used during defecation instead of lime. During carbonatation, 
the sugar was liberated and continued to be handled at every stage 


of the factory’s working. ‘The solutions still containing impurities 
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were submitted to a distillation, in order to recover the alcohol 
that would otherwise be lost. The final residuary product con- 
sisted of the impurities in question and a certain quantity of 
saccharate of lime. This process, however, had some serious disad- 
vantages. Considerable sugar losses occurred in the washing 
liquid, and the defecation of large quantities of lime saccharate 
was most difficult. 

Seyfert-Scheibler process.—In 1872 Sryrert proposed that, 
instead of hydrated lime, quicklime be used. This lime, when 
slaked by coming in contact with the water of the molasses, evolves 
sufficient heat to liberate most of the remaining water in the form 
of steam. The steam bubbles thus formed create cavities in the 
mass of the saccharate, and thus render it very porous, and espe- 
cially adapted for the removal of foreign impurities through an 
alcoholic washing. Furthermore the liberated heat was sufficient 
to completely dry the mass, and thus bring the saccharate to a 
satisfactory granulated condition. 3 

Into an apparatus very like that used for the manufacture of 
mortar, consisting of two vertical grinders, a given quantity of 
molasses and lime was introduced. There followed a complete 
crushing, and during this period horizontal scrapers collected the 
resulting paste, so that the mixture might be more homogeneous. 
The apparatus is emptied at the bottom into small receptacles, in 
which the saccharate solidifies. It is subsequently broken into 
large lumps, and then, by means of a knife*revolving machine. 
into smaller lumps about 1 to 2 cm. in size. The machine should 
make the least possible powder, so that the elutors will not become 
clogged. The knives of the apparatus are held on two parallel 
axes, and have six teeth each. This mass is submitted to elution, 
as in the previous SCHEIBLER process, and the saccharate is used 
during carbonatation. 

The process, as introduced by BODENBENDER at the NORDSTEM- | 


_ MEN (Fig. 216), Germany, factory, handling 17,000 to 18,000 kilos 


of molasses per diem, is as follows: The lime-molasses combination 
is prepared in a mixing and crushing apparatus, consisting of a 
conical hopper, #, of 2.300 m. in diameter on top and of 0.5 m. 
at the bottom, leading to a crusher, A, with rolls 1.2 m. in diameter, 
reyolving at a rate of 10 to 12 revolutions a minute. In this crusher, 
150 litres of water at 75° C. are run from the tank, B, then 350 kilos 
of fresh molasses from C’, and then 108 kilos of lime in powder are 
added from the hopper, #, and measured in the apparatus, D 
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This has six sections, holding 18 kios each. The mixing lasts 15 
minutes. The ultimate product is a pasty mixture, having a slightly 
yellow color, and is sufficiently fluid to escape into a side tank. 

The quantity of water and pulverized lime used depends upon 
the volume of molasses. The quantity of molassate run into the 
tank should be sufficient to produce cakes of a determined dimen- 
sion. These are divided in two, and each half weighs about 50 
kilos. These tanks are placed one over the other in the room where 
the crushing and mixing apparatus is located. After 24 hours the 
molassate is solid, and it is then taken to F, where it is sliced into 
strips 15 mm. wide and 2 mm. in thickness. The slices are col- 
lected in a hopper, and then distributed into cars, from which the 
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Fie. 216—Schema of the SEYFERT-SCHEIBLER Process as Adopted 4s 
BODENBENDER. 


elutors, G', are filled. At the NorpstemMeEN factory the slicer is 
placed on the second floor. 

Each elutor consists of a sheet-iron cylinder, having a screen 
and a steam coil on the bottom. There are 16 elutors, placed in two 
rows of 8 each, having a total capacity of 15,000 litres and holding 
11,400 kilos of molassate. Of the 16 elutors of which the battery con- 
sists, only 12 are in full activity, as the remaining four are either 
being filled, emptied, or cleaned. If we consider, for example, the 
12th of the series as the one recently filled, pure alcohol at 40° is 
introduced from the bottom, which has the object of eliminating 
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the principal impurities from the molassate. After 24 hours the 
alcohol is removed and sent to the rectifier. The alcohol drawn 
off is replaced by the alcohol from the preceding elutor of the 
battery, and then connection is made with the series. The rotation 
continues and finally, instead of being the last, number 12 be- 
comes the first. At this moment it receives pure alcohol for the 
progressive washing just mentioned. The complete operation takes 
134 hours. 

‘The elutor, having had its contents sufficiently washed, is ready 
to be emptied. The washed slices retain a certain quantity of 
alcohol, and are heated by means of the steam coil from the bot- 
tom, this operation lasting 8 hours, the alcoholic vapors being col- 
lected and sent to the rectifier. The milk of the saccharate is sent 
to two waiting receptacles, H, of 12,600 litres capacity, which 
communicate with two smaller jars, J, containing suitable mixers. 
The pump, J, draws off this liquid lime saccharate, and sends it 
to the carbonatation tanks. 

There are three sorts of alcohol obtained during elution,—the 
alcohol of the first washing in the tail end of the series (the number 
12 mentioned above), that from the battery when in full activity, and 
that obtained through the distillation of the liquid saccharate of 
lime. These three sorts of alcohol are collected in special tanks, 
and are then rectified. The rectified alcohol is sent into three 
horizontal reservoirs of 7300 litres capacity, and additional alco- 
hol to make up for the losses, and sufficient water to bring the 
liquid to 40 per cent in volume, are added. 

The Manoury process has certain characteristic features in the 
preparation of the lime molassate (Fig. 217). Baskets full of quick- 
lime are submerged in the tank, A, filled with water, and are then 
withdrawn, small piles being made of the moistened lime thus 
obtained. The lime slakes and falls to a powder. ‘This operation 
offers no difficulty if the limestone is sufficiently porous; but if it 
is compact, the water sprinkling must be repeated several times 
before the desired results will be obtained. The hydrated lime 
powder is raised by the band carrier, B, and emptied into a hopper 
communicating with the sifter, C, in which the non-slaked portions 
are separated. The unslaked lime is again sprinkled with water. 
The hydrated lime falls down a slanting distributor into the meas- 
urer, D. Molasses is brought from the tank, fF’, passes through 
another measurer, not shown in the drawing, and comes in contact 
with the lime in a special mixer, H, consisting of a horizontal cast- 
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iron drum, inside of which there are curved, agitating arms. A 
suitable valve permits the regulation of the quantity of lime in- 
troduced from the measurer, D. There are two other upper open- 
ings, one for the escape of air and the other for the introduction of 
the molasses. 

This apparatus is called a granulator. Into it may be intro- 
duced, for example, 150 kilos of powdered hydrated lime, then 
100 kilos of molasses at 42° Bé., to which 2 to 3 per cent carbonate 
of soda has previously been added. The mixing shaft revolves 
at a velocity of 70 to 80 revolutions per minute. After 30 seconds 
a bottom emptying valve is opened, and the centrifugal force 
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Fie. 217.—Schema of the Manoury Process. 


drives out the molassate from the apparatus. It consists of a sand- 
like granulated product, which contains considerable lime in ex- 
cess. A lift, G, carries it up to a certain elevation, from which it is 
emptied into a sifter, H, where the lime in excess is separated. The 
molassate of lime is placed in elutors of much the same design as 
those mentioned in the ScHEIBLER process. At the upper portion 
of these is a large valve, for the escape of the alcohol liberated when 
the product is heated by the bottom steam coil. This alcohol 
finds its way into J. A series of cocks permits the introduction of 
the several grades of alcohol into this receptacle. 

The Manoury plant under consideration consists of four elutors. 
Into the first, alcohol at 42° is introduced from the reservoir, JN, 
to a height of one meter above the double bottom. If the alcohol 
is not of sufficient strength, very concentrated alcohol from Z may 
be added. When it is within 30 cm. of the upper border, it is en- 
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tirely filled with alcohol, first by leaving the elutor open, then by 
tightly closing it, and leaving open the air-escape vent. The elutor 
remains under the pressure of the reservoir, N, for three hours, ° 
during which time the non-sugar is dissolved. 

It is to be noticed that, owing to the addition of sodic carbonate 
to the molasses, all the calcic organic salts which are insoluble 
in alcohol are changed into soluble sodic salts. These are removed 
by the alcohol, and the remaining calcium carbonate may be readily 
removed from the epurated saccharate. The alcohol from elutor 
No. 1 isrun into No. 2. When this liquid reaches within one meter 
of the top, an analysis is made by distillation (for the reason that 
the salts dissolved would influence the reading of the spindle) to 
determine the quantity of alcohol in this liquid. Concentrated 
alcohol is added so as to maintain the conditions at 42° in volume. 
The filling continues as for No. 1, but, three hours after in- 
troducing alcohol from No. 1, the mass is agitated. The same 
operation continues with No. 3, and at that moment the elutor 
No. 1 is ready to be emptied. The alcohol is drawn into a monte- 
jus, K, that forces it into a reservoir which feeds the rectifier, L. 

When all the alcohol of elutor No. 1 has been drawn off, the 
communication is made between it and the condenser, J, and 
steam is introduced into the bottom steam coil of the receptacle. 
The saccharate becomes fluid and half of it is sent to the fourth 
elutor of the battery, so as to prevent excessive frothing, which 
is always to be feared when the elutor is too full. On this account 
a steam froth arrestor is generally placed in the apparatus. A 
distillation is then made in the two elutors, and this ceases when 
the condensed liquor indicates zero. The elutor is then emptied 
and washed, and the saccharate obtained is sent to the defecators. 
During this time, alcohol strained from No. 1 is sent to No. 2, and 
to No. 3 that from elutor No. 2. As soon as No. 3 has rested for 
three hours, the alcohol with the non-sugar in solution is sent to 
L, where it is distilled. This drawing-off is done by means of the 
strained alcohol introduced into No. 2; but when this gives out, 
the washing continues with pure alcohol from N. When it is 
thought that sufficient impure alcohol has been drawn off, No. 1 
is filled to a height of one meter above the double bottom with 
alcohol, molassate being simultaneously introduced. During this 
interval, No. 2 is being emptied, and this manceuvre continues in- 
definitely. 

Practical experience shows that for three elutors and for mo- 
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lasses of an average composition, 24 liters of alcohol at 42° are 
needed for one kilo of molasses. The distillation is conducted so 
as to obtain alcohol of two different concentrations, one concen- 
trated alcohol above 50° and the other below 50°. As the mass 
becomes viscous towards the end, the distillation is facilitated by 
steam injection, and, if necessary, water is added so that the liquid 
is at 41° to 42°. The water reservoir is shown in the illustration 
by X. The purity of the saccharate obtained varies from 89.3 
to 93.4. As regards the residuary product from distillation, the 
wash, according to Vivien,! if brought to a basis of 15° Bé., con- 
tains 6.77 per cent of sugar and 14.25 per cent of ash, of which 
3.85 per cent is potash. 

Sostmann, Drevermann, and Gundermann process.—By this 
method the molasses first undergoes a preliminary epuration. ‘To 
5000 kilos of molasses a water solution is added, consisting of 100 
kilos of calcic chlorid and 50 hi. of alcohol at 80°. The liquor, 
which should be strongly alkaline, becomes cloudy, owing to the 
transformation of the organic potassic and sodic salts into the 
corresponding lime salts. Carbonic acid is introduced, and is fol- 
lowed by a precipitation of the lime organates. It is very im- 
portant not to exceed the point at which the liquor would become 
neutral. The solution is filtered, and lime is then placed in a closed 
receptacle with alcohol at 35 per cent, so as to form an alcoholic 
milk of lime. This operation is accompanied by a very violent 
reaction which is actually dangerous. 

To the alcoholic milk of lime, purified molasses is added in the 
proportion of 100 parts of molasses for 33 parts of lime. During 
a period of four hours the mixture is forced to circulate between 
a cooler and a mixer, and vice versa. The lime saccharate will 
almost entirety precipitate under these conditions, and it is run 
through two filter-presses, in which the saccharate cake is first 
washed with alcohol at 15°, and then with alcohol at 35°. The 
remaining alcohol is removed by means of compressed air, and the 
saccharate is then ready to be used during defecation. The mother 
liquors are distilled and the alcohol is regenerated. The purity of 
the saccharate varies from 89 to 91.. 

One of the principal advantages claimed for this purpose is 
that very little lime is used, and it is possible with this sugarate 
to return more sugar to the juice for a given quantity of lime used 
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than by other modes having the same object in view. Most of 
the elution processes have been abandoned, owing to the compli« 
cation connected with the successive handlings, and to the expense 
due to loss of alcohol during each operation. However, the idea 
is a good one, and perhaps, with a few changes, these methods 
might again come into vogue. Cheap alcohol would give the entire 
issue another aspect. There are numerous elution patents, but 
the processes that have attracted the most attention are those 
mentioned in the foregoing. 


CHAPTER III. 
SUBSTITUTION AND SEPARATION. 


General considerations.—During Pruicot’s investigations, in 
1838, he discovered that aqueous solutions of mono-saccharates of 
lime, when hot, formed an insoluble trisaccharate of lime holding 
one-third as much sugar as the mono-saccharate. Many other 
investigations were made, the most important of which appear to 
be those of SmBor, whose process gave practical results and was 
introduced into several sugar factories. For many years it was 
kept secret, and was, therefore, regarded with some suspicion and 
was not generally used. 

Substitution.—PozarEvsky’s ! experiments were also based upon 
PELIGOT’s investigations. The practical experiments of STEFFEN 
led to the process of substitution of BuoNnaccosI, STEFFEN, and 
Drucker. It is based upon the formation of mono-saccharate 
and a bi-saccharate of lime, and the transformation, when hot, 
into a tri-saccharate of lime. The sugar and the lime dissolved are 
separated by filtration from the tri-saccharate. To the solution 
more molasses is added, so as to make a cold precipitate of the 
mono- and bi-saccharate of lime, followed by another hot decom- 
position into tri-saccharate of lime and a solution of lime and 
sugar. The latter is again treated in the same manner. 

The operations are repeated 20 to 25 times, or until the quan- 
tity of non-sugar accumulated in the water is such that all future 
manipulations would be useless. ‘The tri-saccharate undergoes 
several washings, and is finally transformed into a milk saccharate 
of lime, which is sent to the defecators. This process was much in 
vogue for many years. Some experts? claim that it reduces the 
sugar losses to 2.65 per cent of the molasses. - The saccharate ob- 
tained had a purity of 90. The quantity of lime use] is equal to 
the quantity of sugar being handled. Owing to certain difficulties 
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of manipulation this method has been abandoned, and the STEFFEN 
separation process has taken its place. 

Separation.—This method consists in the formation of an in- 
soluble tri-calcic saccharate improperly called tri-saccharate of 
lime and its separation by filtration, the mother liquor containing 
nearly all the impurities of molasses. CLAASSEN says that “separa- 
tion’’ is the most advantageous of all the processes of desugariza- 
tion of molasses, which operation may be conducted simultaneously 
with the manufacture of sugar from the beet, provided sufficient 
cold water at 10° to 12° C. is available. The method is very simple, 
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Fig. 218.—STEFFEN’s Separation Process. 


and results in a comparatively small sugar loss. The STEFFEN 
process consists in the following manipulations: The molasses from 
the receptacle, B (Fig. 218), is diluted in the refrigerating mixer, A, 
with the sweet water of the saccharate presses. This is collected 
in C, a weighed quantity of lime is added, and, when the precipita- 
tion is thought to be complete, the liquid is forced by means of 
pumps into the filter presses, H. The mother liquor of the solution 
is thrown away, and the saccharate remains on the frames of the 
filter press. Thesaccharate cake is washed with the requisite quan- 
tity of water, the volume depending upon the purity desired for 
the saccharate. The exit flow of this water from the presses is col- 
lected in the receptacle, C; it is used as just described for diluting 
the molasses, and the sugar it contains will thus be utilized. 
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In some cases there seems to be an advantage in drying the 
saccharate cakes by means of compressed air, which is forced into 
the presses through the same passages as the water used for wash-= 
ing. The presses are then emptied into a spiral carrier, which trans- 
fers the saccharate into the mixer, G, where it is diluted. A monte- 
jus, H, forces it into another receptacle, J, having suitable agi- 
tators, and then it is drawn off little by little into a measuring 
device, from which it flows into the carbonatator, kK. The carbons 
atated juice is forced by the monte-juice, LZ, into the filter presses, 
M, and from there it runs into another mixer, N. The lime for the 
second carbonatation is added during the mixing in the form of 
milk saccharate, and comes from a measurer connected with the 
apparatus. 

The STEFFEN process consists of the following operations: 
(1) The production of powdered quicklime; (2) formation of a sac- 
charate at a comparatively low temperature; (3) separation of the 
tri-saccharate of lime and its washing in the filter presses. 

Production of the powdered lime.—One of the most essential 
details for the successful execution of this process is, that the lime 
used shall be exceptionally pure. The limestone should contain 
a minimum percentage of magnesia, silicic acid, and alumina; in 
other words, a minimum of all those substances that favor the 
fusion of lime. It is to be noticed that the lime acts in solid form, 
and not in the form of a solution. In order to obtain a perfect 
contact in a reaction of this kind, it is necessary that all the mole- 
cules of lime should be as far apart as possible. Lime in dust-like 
or flour-like conditions will much more readily enter into the com- 
bination than another variety in coarser granules, or in which 
the molecules have become agglomerated through fusion. If the 
lime is not porous, a greater amount of it must be consumed to 
produce a given effect, and, furthermore, unfavorable conditions 
of working result. 

It is also necessary to remove from the lime everything that 
may possibly be considered as impur.ties, since these give rise to 
misleading indications in the measuring appliances. Fresh lime, 
if possible, direct from the kiln, should be used; for experience 
shows that, when it has stood for some time without necessarily 
having absorbed carbonic acid that would have saturated a portion 
of the product, the lime will not so readily combine during this 
special phase of working. The lime should always be cold, as, when 
hot, it possesses the property of easily forming an agglomerated 
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mass, and the lumps are not easily handled in the distributing 
hoppers. The sifting of hot lime is always more difficult than cold. 
If thrown into cold water, it will at once be slaked with a cor- 
responding elevation of temperature, whereas, in the operations 
under consideration, the oxid of lime only can combine with 
sugar. 

Numerous appliances are used for crushing the lime. When 
the process was first introduced, simple grindstones, such as are 
used in flouring mills, answered the purpose. The lime was broken 
into lumps, and was then placed on two grinders one over the other, 
the lower one being fixed and the upper having a rotary motion 
around its vertical axis. The powdered lime was sent through a 
sifter, in which there were two classifications of the product. The 
exterior and smaller sieve has a mesh of 200 per square centimeter. 
The sifted lime is distributed into the precipitation appliances by 
means of a spiral and a suitable hopper, while the portions sep- 
arated are again sent through the crusher 

Now it is customary to use crushers of very much the same 
model as those employed for cement. The lime is first introduced 
on the side of a solid cast-iron drum, which is closed by suitable 
sieves, these sieves covering an arrangement of slightly inclined 
cast-iron blades. In the interior of this mill are placed 20 to 50 
cast-iron balls, having each a weight of 10 kilos. The lime is con- 
tinuously forced through the sieves, owing to the continued crush- 
ing. The mesh of the sieve varies from 3: to 5mm. The 3 mm. 
dimension is rarely used, as the mill would demand too much power; 
4 mm. may be said to be an average. Upon leaving this mill, the 
lime enters a second mill or crusher, consisting of a horizontal 
cylinder, 3.5 m. in length and 1.20 m. in diameter, and revolving 
at a velocity of 30 revolutions per minute. It has an inner lining 
of hard fire-bricks. Through a special manhole, 1200 to 1500 
small silex stones are introduced into the interior, each having 
a diameter of 5 cm. At the other end, from the entrance on 
the outer periphery, is a grating, which allows the powdered 
lime to escape, but holds back the stones. As these sometimes 
break, it is found desirable to cover the grating with a coarse-wire 
cloth. 

This crushing is most satisfactory, resulting in an impalpable 
powder, the degree of fineness depending upon the hardness of the 
lime, and also upon the number of friction rollers in the interior 
of the cylinder. Generally, these fill up half of the receptacle. The 
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powdered lime is carried by some mechanical means to a rather 
fine rotating sifter, intended to retain the undesirable portions 
of the lime. The resulting powdered lime collects in a receiver, 
from which it is taken to the precipitation receptacle or cooling 
mixers, being first, however, carefully measured. 

Of late the Raymonp lime crushers of a quite new design have 
met with considerable success in the United States. They consist 
of a vertical sheet-iron cylinder, provided at its lower portion with 
a very strong cast-iron ring, on the inside of which run three rollers 
of considerable weight. The lime introduction is effected by a 
hopper on the side, and regulated by means of a ratchet wheel. 
A powerful ventilator aspirates the lime into the upper portion of 
the cylinder, enlarged so as to form a funnel. By means of a regu- 
lating device with tangential wings, a whirl is produced into the 
funnel, and only the very fine dust is carried forward with the 
aspirated air, while the coarser particles fall down into the crusher 
proper and ere ground finer. The aspirated air carrying forward 
the lime dust enters a cyclone very much like 
those used in flour mills, and there aban- 
dons the entrained lime dust. The fineness — 
of the powder obtained can be regulated at 
will by means of the tangential wings pre- 
viously mentioned, and the results are so 
perfect as to do away with any sieve, all of 
it passing through a sieve of 200 meshes per 
Square centimeter. 

Precipitators. — These are cylindrical 
appliances (Fig. 219) with a tubular surface 
very much like those used in a _ vertical 
evaporator. In this case it is cold water 
that circulates between the tubes, r. A 
vertical shaft, c, passes through the appara- 
tus from top to bottom. It has agitating 
arms, d, and a small screw, e, and makes 200 
revolutions per minute. ‘The molasses is in- 
troduced into this apparatus at 7. The lime 
is introduced at g. Water enters the tubular 
chamber by a, and leaves at b. A certain number of manholes, 
n, permit the different parts to be examined when necessary. To 
keep down the froth, there is a perforated upper coil, through 
which cold water circulates and showers down upon the froth, thus 











Fig. 219.—STEFFEN’S 
Cooler. 
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reducing it. Exterior to this apparatus are a sampling cock, peep 
glasses, and sometimes a water level and a thermometer. 

The practical working by this process consists in first weighing 
or measuring a quantity of molasses, corresponding to the capacity 
of the apparatus. The residuary water from the filter presses is 
added, so as to obtain a density of 12° Brix. and from 6 to 7 per 
cent of sugar. The agitators are started, and, when the liquid is 
cooled to a temperature about equal to that of the water used for 
cooling, lime is introduced by a special measurer. One quarter of 
a revolution allows a given weight of lime to escape. It is im- 
portant to note that an energetic mixing is absolutely necessary, 
in order to increase the heat transmission through the cooling sur- 
faces, and to rapidly and uniformly distribute the powdered lime. 

Upon general prirciples, it may be said that the more rapidly 
the operation is accomplished, and the finer the powdered lime, 
the more satisfactory will be the fina results, as the rapidity of 
the combination of sugar and lime into an insoluble saccharate 
is thus correspondingly increased. On the other hand, the lime 
that forms lumps and combines with water is hydrated, and is thus 
slaked and inactive. The greater the quantity of lime thus ren- 
dered inactive, the greater will be the heat evolved, and this de- 
mands ultimately, besides a greater weight of lime, a longer cooling 
and mixing of the liquid. In order to prevent the lime powder 
from collecting nto lumps in the liquid being mixed, it is proposed 
not to add a mass of the powder at once, but to spray it upon the 
surface of the liquid by means of a sieve placed on the upper part 
of the mixer, or to force it into the apparatus by means of a ven- 
tilator. 

The HArJE apparatus also is of some interest. It consists of a 
cylinder with a large tubular surface, from the upper part of which 
a tcough 2 meters in length extends. The other extremity com- 
municat:s with the bottom of the cylinder by means 0 a pipe, 
on which here is a centrifugal pump revolving at a considerable 
velocity. In the trough there is an agitating spiral, which keeps 
the liquid continuously in motion. Upon the surface of the liquid 
in this trough, lime is slowly projected by means of a rotating 
brush, the rapidity of the addition of the lime depending upon 
the progress of the precipitation. Under these conditions the 
desired object is attained. This apparatus has a dial upon the lime 
distributor, permitting a more careful measuring than is possible 
with the appliance previously mentioned. 
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Brtuany! obtains a uniform distribution of lime in the solution 
of diluted molasses by using a sieve distributor. The refrigerating 
apparatus is wider on top, so as to give a considerable surface 
contact to the liquid and lime. A spiral forces the liquid upwards. 
The combination with lime is said to be completely effected in the 
centre of the appliance. Krmpr and NatHHorst? endeavored to 
attain the same results by using a blower to project the lime on 
the surface of the liquid. 

Practical working of the process.—The molasses solution having 
been obtained, and subsequently cooled to 12° or 15° C., the lime 
is gradually introduced, and this is necessarily followed by a rise 
of temperature, which in the now obsolete STEFFEN appliances 
frequently reached 8° or 10° C. The lime addition continues, and 
when the quantity determined upon in advance to obtain the de- 
sired precipitation has been placed in the mixer, the agitation 
continues until the spindle in the filtered liquid shows 6.0 or 6.5° 
Brix. By recent methods the alkalinity of the filtrate is determined 
for ascertaining if the precipitation is complete. It is considered 
to have reached its limit when the alkalinity is 0.8 per cent oxid 
of calcium. The quantity of lime used varies from 90 to 175 per 
cent of the quantity of sugar contained in the molasses being 
handled. The degree of fineness is almost only responsible for the 
consumption of lime. The excess of lime may, when slaked, be 
the cause of an explosion in the filter presses. The cloudy liquid 
is sent to the filter presses, which are covered with hemp cloths. 
While this fabric is the most desirable that could be used, it is soon 
eaten away, especially when the saccharate contains an excess of 
lime. These cloths should be washed in cold water. 

The filtration of the saccharate offers no special points of in 
terest. It is done under a pressure of 1.8 atmospheres, and no 
complications other than those mentioned occur. When all the 
mother liquor has run off, representing a volume of 800 to 1000 
per cent of the molasses being worked, the entrance cock is closed, 
and water is forced into the presses in order to wash the saccharate 
cakes. All the remaining non-sugars are thus removed. During 
this washing a certain quantity of saccharate is also dissolved, as 
it is partly soluble in pure water, and, that it may not be lost. 
these waters are used for diluting the molasses in the mixers, 
Other modes have been proposed to prevent this loss; for example, 
it has been suggested 3 that the washing be done with a saturated 
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lime solution. Harse suggested that a liquid be used that would 
hold in suspension a lime saccharate of a lower percentage of 
saccharate than that from which was grained the cake being 
washed in the press. It is said that under these circumstances 
only the mother liquor is carried off and the saccharate remains 
intact. The sweet water is used to dilute the molasses in the 
mixer as usual. The outcome of this idea was that two molasses 
solutions were simultaneously prepared, one of them being more 
dilute than the other. 

STEFFEN! took this idea as a departure for another process, 
in which a series of three cooling mixers of slightly different con- 
struction are used. He recommended that the process should be 
applied to the after-products from “firsts,”’ but it may be applied 
to the case under consideration as well. About two-thirds of a 
given quantity of the after-products is diluted at first with cold 
water, and later with what the inventor terms “‘water from white 
washings”? at about 13° Brix., the remaining one-third being di- 
luted until it has a density corresponding to 3° or 4° Brix. The 
solution at 13° Brix. is sent to two of the appliances, known as black 
precipitators, and the solution at 3° to 4° Brix. into another ap- 
paratus, called white precipitator. The centrifugal pumps are 
then set in motion. The reaction in the black precipitators is com- 
pleted in 20 to 80 minutes, while, in the white precipitators, only 
15 minutes are required, these periods depending upon the tempera- 
ture of the solutions, which should never be higher than 16° to 17° 
C., as there would otherwise be considerable frothing. Further, 
a portion of the lime would at once become hydrated and escape 
the reaction. 

The combinations are considered finished when the alkalinity 
is found to be 0.7 or 0.9 grams of quicklime per cubic centimeter 
of juice. The black solution shows this alkalinity at the beginning 
of the reaction; it then increases to 2.8 grams, and in eight minutes 
it falls to 0.7 to 0.9 grams. The black solutions are first forced 
through the filter presses, and then the white ones follow in the 
same filters. The mother liquor of the white washings, being more 
diluted than the black, wash the saccharate of the latter, which 
is followed by a second washing with water. This water is called 
white washing, and is collected and used for diluting the syrup for 
the black solution. With 100 parts of an after-product having a 
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purity of 63 to 66, 300 parts of saccharate holding 35 per cent of 
dry matter is obtained, which contains 55 per cent of sugar and 45 
per cent of quicklime. The saccharate should be filtered at once, 
otherwise it will redissolve. 

For the practical working of this process it is essential that the 
filter-press frames be not entirely filled with the saccharate; other- 
wise the product from the white washings will not have a place 
for their deposit, and this solution can no longer pass through the 
saccharate cakes. In a Swedish factory at Karpalund, where the 
HARJE process is applied, frames covered with a varnished oilcloth 
are put between the regular frames of the filter press in wh ch the 
saccharate accumulates. The filtration under these conditions 
is only on one side; but this is not a disadvantage, as the liquid 
readily filters, and cakes are obtained of 5 cm. thickness. After 
the mother liquor has run off, the washing begins, and, as the var- 
nished oilcloth is more or less flexible, it leaves sufficient space for 
the saccharate to be deposited. After the washing, compressed air 
is introduced on the other side of these cloths, which drives out 
from the cakes the water absorbed during the washing. 

With all these different modes of working, it is possible, accord- 
ing to the degree of washing to which the saccharat> has been sub- 
mitted, to obtain a product the purity of which reaches 90. By 
extending the period of washing, a purity of 94 and even 95 may 
be attained. It is to be noted that the losses are greater than when 
the cakes are not so thoroughly exhausted of their non-sugar. 
However, it is claimed that, whatever losses there may be, they 
are less than by the other processes mentioned in the foregoing; 
but, argue as one may, they are much greater than is generally 
supposed. The waters thrown away, under the best conditions 
of working, rarely contain more than 0.5 per cent of sugar; but, 
if one takes into consideration that there is from 800 to 1000 per 
cent of mother liquor allowed to run to waste, the loss in reality 


4 
represents — 5 per cent of sugar calculated upon the 


molasses, or 10 per cent of the total sugar handled. When the 
working is conducted under faulty conditions, due either to the 
lime, excessive temperature, or to a perceptible amount of glucose 
in the molasses, etc., these losses may be readily doubled. Such 
being the case, it is evident that the process demands great care 
‘and should be conducted upon tiuly scientific principles. 

Up to the present time, these residuary waters have found no 
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profitable utilization, although certain experiments have been 
made in Russia! with the idea of using them upon soils as a fer- 
tilizer. From all accounts, these experiments were successful. 
Investigations 2 were made to determine what possible advantage 
there would be in applying the STEFFEN precipitation process to 
diffusion juices after defecation with 0.5 per cent of lime. Under 
these conditions it is claimed that purity of 95 to 96 was attained. 
Losses during washing of the saccharate reached 0.4 per cent. In 
order not to have an excessive loss of sugar, it was proposed to push 
the diffusion to an extreme limit. The quantity of lime needed by 
this method varies from 7 to 8 per cent, and this quantity did not 
appear excessive to those who were interested in the success of 
the idea. 

Other experiments were made to desugarize the after-products 
of “firsts.” According to ERHARD, this would involve an enor- 
mous expenditure of lime, which in weight would not be less than 6 
per cent of the beets sliced, and would add to the cost of handling. 
If to this fact one adds the cost of the plant and the sinking fund, 
it coud be readily demonstrated that there would be little if any, 
financial gain by the use of the process. He recommends that the 
after-products from ‘“secords’’ be handled according to the new 
mode. There is then less lime needed; the process is, consequently, 
more economical, and the carbonatation tanks are able to handle 
the amount of lime involved. 

Use of saccharate.—The moist saccharate, as it leaves the filter- 
press, contains from 12 to 15 per cent of sugar and from 15 to 20 
per cent of calcium oxid. In some exceptional cases a saccharate 
containing mor. sugar than lime is obtained; in no case does it 
agree with theory. The so-called saccharate is a mixture of sac- 
charate and uncombined lime. The nature of the non-sugar com-= 
bined with the saccharate has not as yet been determined. Ap- 
parently, the saccharate is very different from that which wou'd 
have been obtained by bo ling lime in saccharine solutions. When 
the saccharate is taken from the fil er presses it is worked up into 
a milk of saccharate of lime. Numerous appliances have been used 
_ for this purpose, and experience shows that it is desirable that their 
capacity be reasonably large, so that the product may be uniform 
in composition. When mixing or kneading this saccharate it is 
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first changed into a thick paste; then, to render it more fluid, a 
small quantity of juice is added, and for this purpose it is better 
to use carbonatated juice. When the mixing is done with fluid 
juices, the saccharate from the presses changes into hydrated lime 
and mono-saccharate. This mixture has an energetic action during 
the defecation of diffusion juices. 

There need be no apprehension, even at 70° C., that tri-sac- 
charate only partly soluble will be formed, which product is but 
slowly decomposed by carbonic acid, and may increase the sugar 
percentage of the scums. This tri-saccharate may be formed 
through the influence of high temperatures, and is the outcome of 
having added the saccharate in a thick, cold, pasty condition to 
hot diffusion juices. Beet-sugar factories that handle only their 
own molasses in their separation plant add, by means of saccharate, 
about 2 to 24 per cent of lime to the juices; in other words, just 
about what is actually needed. On the other hand, when advan- 
tages appear to be obtained by the desugarization of purchased 
molasses, an excess of lime enters in this way the defecation. In 
such cases CLAASSEN recommends to mix the excess of saccharate 
with fresh juice, and to eliminate, by filtering in press, the hydrated 
lime which is precipitated. Under these conditions it is readily 
separated. After washisg, this hydrated lime may be added to 
diluted molasses, in which it will dissolve as a mono-saccharate, 
and this will effect an economy in quicklime. 

Upon general principles, it may be said that it i a mistake, 
from a financial point of view, to attempt to handle more molasses 
than the beet-sugar factory furnishes, as even in this case difficulties 
arise in the subsequent crystallization, and they would be still 
greater if the operations had to be conducted without the addition 
of fresh juices. When conducted under rational conditions, the 
cost of working by this process is very slight. ‘The juices that can 
be directly obtained from the saccharate have a purity of 90 to 94; 
that is to say, about the same as those obtained directly from the 
beet. They offer, however, greater difficulty in crystallization, 
and this explains why the yields of first-grade sugars from a masse- _ 
cuite obtained with pure beet-juices is generally greater than when 
the saccharate has been added. ‘These saccharates generally con- 
tain a small percentage of raffinose, which seems to be too frequently 
overlooked, yet its quantity constantly accumulates as the cam- 
paign progresses. | 

These difficulties of crystallization apparently are due also to 
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the constituents of the non-sugar which obstructs crystallization. 
Certain calcic salts are not eliminated through separation, but 
remain with the saccharate, and are added to the beet-juices. 
These, with the raffinose, are precipitated by the lime at the same 
time as the sugar. They accumulate in the molasses in factories 
working by the separation process. When this molasses is worked 
from year to year, these quantities will constantly increase, and 
theref re it is essential that the residuary molasses should be 
entirely shut out after a reasonable interval of time. By this 
simple precautionary measure, the decreased yields of ‘‘firsts,’’ 
and the inferior quality of the sugar obtained, from a refiner’s 
standpoint, will be averted. However, there is often a fraction 
of difference in the selling price upon the market of these separation 
sugars as compared with those from a standard beet-sugar factory. 


CHAPTER IV. 


STRONTIA AND BARYTA PROCESSES FOR DESUGARIZATION OF 
MOLASSES. 


General considerations.—PELicot! was the first one to direct 
attention to the insoluble combinations of baryta and sugar. Ac- 
cording to SCHEIBLER? it was in 1850 that ANcus SmitH proposed 
that strontia and baryta be used for the desugarization of molasses; 
but it is to be noted that DuBRUNFAUT and LEpLay had taken out 
their patents relating to the same subject in 1849. Twenty years 
‘ater FLEICHER® took up a series of investigations to determine 
the action of strontia upon saccharine juices, and the outcome of 
these experiments was the introduction of a process that was 
thoroughly tried in two German beet-sugar factories. | 

SCHEIBLER then invented two new processes which were very 
different; one of these was based on the formation of a bi-basic 
saccharate of strontia, and the other on a mono-saccharate of 
strontia. Up to that time the chemical in question, owing to its 
cost, had been of no use in the beet-sugar industry, as very few 
deposits of strontia were then known outside of certain sections, 
of Germany. The strontianite,t which is a carbonate of strontia, 
is a mineral found in some abundance in Westphalia, at- Braunsdorf, 
Saxony, near Klausthal, Salzburg, and at Strontian, Scotland. 
The SCHEIBLER bi-basic saccharate of strontia method is about as 
follows: 

To diluted molasses, strontia is added in excess, so that, by heat- 
ing, the compound in question is formed. Nearly all the sugar is 
precipitated by boiling; and the mixture is emptied into receptacles 
with double bottoms acting as filters, the remaining mother liquor 
being drawn off, and the precipitate washed with liquors containing 
10 per cent of strontia. These operations are all done hot. The 
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bi-saccharate of strontia is then cooled, and decomposes nto a 
hydrate of strontia, which crystallizes in liberating the sugar. 
This cooling is effected by the circulation of cold 2 per cent strontia 
solutions through filtering receptacles arranged in battery con- 
taining the saccharate. In this way a 10 per cent sugar solution, 
containing also some strontia, is obtained, while, in the washing 
apparatus, crysta!lized strontia remains. This is cured in a cen- 
tr. ugal, and. is subsequently returned to the general work. The 
saccharine solution is subm tted to a carbonatation, and the strontia 
carbonate is regenerated. 

In the mono-saccharate of strontia process the saccharate is 
precipitated cold by the addition of a strontia solution to the 
molasses, and for this purpose one part strontia for one part sugar 
is used. Then follows a filtration and a cold-water washing. With 
the strontia-saccharate cakes a milk is obtained, which is twice 
carbonatated. The sugar is extracted from the mother liquor by 
the addition of strontia, and a bi-basic saccharate of strontia is 
then formed. This is used in the process at the moment of the for- 
mat on of the mono-basic saccharate of strontia. From the mother 
liquor of the bi-basic saccharate, strontia is extracted by crystalli- 
zation and carbonatation. Of these two methods, the bi-basic 
saccharate has been the one generally adopted. 

Scheibler strontia process (Fig. 220).—In the vertical cylin- 
drical apparatus, A, heated by steam, there are received by the 
hopper, D, 750 kilos of crystallized strontia from the regenera ion 
receptacle, and through C a quantity of mother liquor of the crystal- 
lization of strontia. There follows a mixing and heating so as 
to dissolve the strontia. Then 300 kilos of molasses heated 
to from 65° to 70° C. are introduced from B. The heating is con- 
t nued until it reaches 100° C., and during this interval the mass is 
constantly agitated. After 30 minutes the bi-basic saccharate of 
strontia is in a pasty condition in a non-sugar mother liquor with 
dissolved strontia. A double bottom trough with an agitator is 
heated by steam, and distributes the saccharate into three strainers, 
F, Ff, Ff. These receptacles are suspended, and their positions on 
their axes may be slightly changed, so that the emptying faucet comes 
over the gutter, H or J, as the requirements demand. Upon the 
fi tering cloths of the strainer, F’, there is placed a layer of 100 mm. 
of saccharate, corresponding to 350 litres, and above the saccharate 
there is a free space. A vacuum is created under the filtering cloth. 
The mother liquor passes through the false bottom, and is carried 
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by the gutter, J, into the reservoir, J. By R’” and G,a 15 per cent 
solution is brought upon the saccharate, so as to wash it as com- 
pletely as possible. The passage of these waters is facilitated by 
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Fia. 220.—Schema of ScuEerBLEeR Strontia Process. 
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the vacuum,fand the gutter, H, carries them to the reservoir, U, 
from whichjthey are subsequently taken to extract the strontia. 
The saccharate is shovelled into small crystallizators of 25 kilos 
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capacity of saccharate, and kept for from 24 to 36 hours at a teme 
perature of 5° to 6° C. The bi-basic saccharate then decomposes 
into crystallized strontia and a sugar solution, still holding some 
of this compound. These crystals are centrifugated in K, and sub- 
sequently cured with a 1 per cent cold strontia solution. The 
Juice, as well as the first waters of washing, are brought by L to 
the first carbonatation, N, while the last waters from washing, 
which no longer contain sugar, are sent by M into the reservoir, U. 
The carbonatation, by means of the carbonic-acid gas of the strontia 
kilns, is continued until the solution reaches an alkalinity of 0.05 
or 0.03 per cent of oxid of strontia, when it is sent to the filter- 
presses, Q, and then into the second carbonatation tank, P. 

The carbonatation continues until the liquor is neutral, when 
it is then filtered through Q. The juice is mixed with the raw-beet 
juices of the factory, and the scums are submitted to a special 
treatment, so as to regenerate the strontia. The mother liquors, 
separated at F and collected in J, will, when decanted, abandon 
nearly one-half of the strontia hydrate they retained in solution. 
This strontia is sent to the precipitator, A. After an interval of 
36 hours these waters contain only 3 per cent of strontia oxid. 
There follows a carbonatation of these waters in V, so as to extract 
what remains of the strontia. The carbonate of strontia is sep- 
arated in the filter press, W; the resulting cakes are washed, and 
the product is combined with the cakes of the presses, O and Q. 
In the vats, R, R’, Rk’, and R’”, a solution of strontia is prepared 
by means of burned strontianite; it is allowed to crystallize in S, 
and the excess of mother liquor which is not used in A is forced into 
the carbonatation tanks. 

The same conditions prevail as regards the residuary water 
from washing the saccharate in F’, and the crystals of strontia in 
the centrifugal, K, that were collected in the reservoir, U. The 
crystallized strontia of the mother liquor of the saccharate, which 
was sent by J to J, and the crystals from K, are worked up in the 
precipitator, A. It remains to regenerate the strontia carbonate 
which has not burned from the vats, R, R’, R”, and R’”’, and the 
different scums. ‘The cakes are combined with the crushed stron- 
tianite necessary to compensate for the losses, and are made up into 
bricks. When the sugar campaign of the factory commences, the 
bricks are made of pure strontianite, moistened with a 1 per cent 
solution of oxid of strontium. An apparatus presses the product 
into the desired shape, and it is then dried above the regenerating 
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furnace, and subsequently put into the strontia furnace. This 
consists of 12 rooms, upon the floors of which are arranged bri- 
quettes heated with gas from a gasogene, the circulation being 
through well-arranged perforations. A very high temperature of 
about 1300° C. is necessary to decompose the carbonate. The 
carbonic-acid gas is utilized during carbonatation, but it contains 
only 7 to 12 per cent of pure carbonic acid. Fifteen hours are neces- 
sary for the complete transformation of the briquettes. They 
are dissolved in the vat, R, in which there is a steam coil, and after 
three decantations in the vats, R’, R’’, and R’”’, the nearly pure 
solution is sent into the reservoir, S, where the strontia crystallizes 
and is then used in A. The mother liquor of this receptacle is used 
in the manufacture of the briquettes or is carbonatated in V. 

By this process! there is a loss of 2.5 to 5 kilos of sugar per 
100 kilos of molasses used in the work, and 3.7 per cent of strontia, 
or one part of strontia for 1 part sugar. Some modifications have 
been made in this process, but they relate to details only. 

ScHosstTaG ? washes the bi-strontic saccharate in the filter presses 
by first running through the residuary liquids used in the previous 
washings, separated from one another according to their purity. 
The most impure of the solutions is the first to circulate. The first 
water running off from the presses is sent to the carbonatators, 
and the others are separated to be again used. The washing of the 
cakes is completed by means of a pure solution of hydrated strontia. 
It is claimed that the first waters from washing will dissolve sub- 
stances that the pure hydrate eannot carry off. In order to reduce 
the cost of labor, and to decrease the losses which are the necessary 
outcome of the manipulation of the bi-strontic saccharate, the 
strontia company * places in the saccharate straining cars a wire 
basket with a mesh of 4 mm. After the saccharate has been en- 
tirely separated and washed, all of it may be removed by the simple 
withdrawing of the basket, which is then taken to the cooling 
rooms. 

Krtcer * has suggested some changes in the strontia method 
of working molasses. Instead of cooling the strontia saccharate 
in wagons or baskets placed in a current of air, he dilutes the pro- 
duct with strontia washings, so that their consistency will allow 
them to be readily carried by pumps to a mixing refrigerator. 
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Most of the other modifications relate to the regeneration of 
the strontia. Without doubt, the difficulties for regeneration of 
the baryta and strontia have prevented these processes from be- 
coming more generally introduced. It has been proposed to re- 
_ sort to electrodialysis for the direct regeneration. ScHEERMESSER ! 
uses for this purpose an apparatus not unlike a filter-press, in which 
milk of saccharate and water, rendered an electric conductor by 
the addition of 0.01 to 0.1 per cent of hydrate of strontia, circulate 
alternately in the different compartments separated by parchment 
paper. The compartments holding the saccharate contain the anode. 
The strontia that separates from the sugar passes through the 
porous membrane, and is carried off by the water in the cathodic 
compartment. Very little sugar is said to be lost. The author 
does not know to what extent this idea, which seems simple, has 
been successful. 

In order to transform strontia sulphate (celestine) into carbonate 
of strontia for the desugarization of molasses, GAERTNER? proposes 
to mix it with a solution of sodic phenate. It is claimed that the 
carbonic acid combines with the sodium, and that the sodic car- 
bonate formed decomposes the strontia sulphate, the result being 
sulphate of soda and strontia carbonate. To the solution lime is 
added to regenerate the sodic phenate. The strontia carbonate is 
separated by filtration, and is transformed into oxid of strontia by 
the previously mentioned method. 

The following processes were proposed not long since. One of 
them relates to the utilization of strontia sulphate for the prepara- 
tion of strontia, and the other is a process of actual regeneration. 
Wank !° contends that he obtained strontia carbonate by sub- 
mitting a mixture of strontia sulphate, alkaline carbonates, and 
carbonic acid to a temperature of 175° C. under considerable pres- 
sure. If this method were practicable it would do much towards 
the general introduction of the strontia process for treating molasses. 
Sulphate of strontia is a far cheaper mineral than the carbonate 
(strontianite), and if it could be utilized indirectly for the fabrica- 
tion of strontia in furnaces, as already mentioned, it would be of 
advantage, as the processes actually in use, to convert the sulphate 
into strontia, are too expensive. 

According to ScuosstaG,? when a bi-strontic saccharate is de- 
composed cold, a strontia hydrate and sugar are not formed, but 
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there will first be produced a saccharate containing 3 molecules 
of sugar and 2 molecules of strontia, and when cold this is decom- 
posed into strontia, sugar, and a mono-saccharate of strontia. 
This mono-saccharate is insoluble, but it appears in a crystalline 
form, the crystals being so thin that they pass through the wire 
cloths of centrifugals at the same time as the saccharine solution, 
while the strontia remains in the drum of the centrifugal. By 
existing methods this saccharine solution is submitted to a ecar- 
bonatation to separate the strontia in the form of scums, the dry 
matter of which contains 90 to 92 per cent of oxid of strontium 
and 8 to 10 per cent of impurities, such as sulphates and silicates 
of lime and strontium. A certain amount of free silica and metallic 
oxid renders the regenerated strontia very impure. ScHossTaG! 
adopts the following process: The saccharine solution, holding in 
suspension the mono-saccharate, is added to carbonatated juices in 
the proportion of 2 parts for one part of carbonatated juice. This 
is boiled, the mono-saccharate is dissolved, and the impurities are 
eliminated by filtration. The filtrate is carbonatated and the scum 
obtained contains 0.7 to 1.0 per cent of these impurities and 99 
to 99.3 per cent of carbonate of strontium. The regenerate strontia 
is purer, and contains only 0.5 to 0.7 per cent of impurities. 

The strontia processes are by no means in general favor. Nu- 
merous objections have been found to their general introduction in 
the beet-sugar factory. It is claimed that they help the formation 
of raffnose; but ScHOENE and ToLuLENns,? by recent experiments, 
demonstrate that such is. not the case. Mixtures of ten per cent 
sugar solutions, combined with 5 per cent strontia oxid at 125° 
to 128° C. in an autoclave during four hours, contain no raffinose. 
There are formed small quantities of lactic acid, and the liquor 
becomes slightly tinted with yellow. The raffinose is attributed 
to a preéxistence in the beet. 

According to SraMmeErR,® the odd crystallization frequently 
noticed in sugars obtained by the SCHEIBLER process is due to the 
influence of raffinose found in the mother liquor. AULARD* con- 
siders that this abnormal crystallization of the sugars obtained 
by the separation method is due to the influence of the calcic salts. 
If these are removed from the massecuites and the raffinose is 
allowed to remain, the‘crystallization that follows is perfectly 
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normal. There has been no satisfactory explanation of this issue. 
In fact, the sugars obtained by the strontia process do not crystal- 
lize in the same shape as those obtained by numerous other pro- 
cesses of molasses desugarization. According to Scuaar,! the 
crystals of sugar from molasses are always in groups that depend 
upon the symmetrical axis, and appear to be stretched in the 
direction of their length. 

Langen and Felde process.—Baryta was the first chemical sub- 
stance employed for the desugarization of molasses. In 1849 
DuBRUNFAUT and Lepuay had already obtained very satisfactory 
results with it. The process does not essentially differ from the 
lime or strontia methods. As regards the actual extraction of sugar 
from molasses, it offered fewer difficulties than the other process. 
The witherite or barium carbonate, however, is too expensive, 
and is about the only mineral that can be utilized for this purpose; 
furthermore, the difficulties of regenerating the baryta residuary 
products are very great. 

In the BEAUFFRET process, molasses containing 50 per cent of 
sugar is heated to 45° or 50° C., and a 60 per cent baryta water is 
prepared, which is heated to 90° C. These liquids are very thor- 
oughly mixed, in proportions determined by experience, and al- 
lowed to settle. After five minutes there will be formed a white 
precipitate of saccharate of barium, containing one molecule of 
baryta to one molecule of sugar. ‘The quantity of baryta to be 
added is calculated from experience upon the following basis: 
1 kilo per kilo of ash+0.5 kilo per kilo of organic substances+1.1 
kilo per kilo of sugar. The saccharate of baryta thus formed is 
separated from the mother liquor in filter presses, and is then 
diluted and sent to the carbonatation tanks as a milk of saccharate 
of baryta. The carbonate of baryta is regenerated in the form of 
baryta in a reverberatory or recuperating furnace. 

By various modifications of the original idea, LANGEN and 
FELDE have brought to light a method which, although it may not 
give remarkable profits, has been tested with encouraging results. 
In this process the baryta sulphate is the starting point. This 
heavy spar is pulverized and mixed with powdered coal and oil, 
and is brought to red heat in a furnace. A sulphid of barium is 
formed, which is changed into a hydroxy-sulphid of barium. This 
is brought in contact with molasses and heated. There follows a 
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precipitation of saccharate of barium and a sulphydrate of barium. 
The first is insoluble; it is separated by filtration, and the filtrate 
contains the impurities and the sulphydrate. A washing in the 
filter presses follows, and the saccharate thus obtained is used 
during second carbonatation. The filtrate is submitted to a car- 
bonatation, and the baryta precipitates in the form of a carbonate, 
liberating sulphuretted hydrogen, which is collected in gasometers, 
and subsequently burned in special furnaces, being thus trans- 
formed into water and sulphurous acid. The latter is used to de- 
compose the carbonate of barium previously obtained with forma- 
tion of sulphite of barium. This solution is evaporated to complete 
dryness, then incinerated and calcinized with coal (in the same 
kind of a furnace as was employed for the sulphate) to obtain a 
sulphid used during the manufacturing process. According to a 
well-known expert,! the two most difficult phases of this process 
are the carbonatation of the mother liquors of the sulphydrate of 
barium and the incineration of the sulphite of barium solution. It 
is claimed that the juices thus obtained have an exceptional purity, 
sometimes reaching 97.7 in the massecuite. 

STERNBERG? proposed another method for passing from the 
sulphydrate to the sulphite of barium, namely, by the simple action 
of sulphurous acid upon the filtrate of barium saccharate. Sulphur 
will be simultaneously precipitated. There follows an evaporation 
to complete dryness, and a roasting of all the products. There will 
be formed sulphurous acid and barium sulphate, which may be 
regenerated, as already explained. Numerous other barium pro- 
cesses have been tried, but none of them has given practical results. 
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CHAPTER V. 


DESUGARIZATION OF MOLASSES BY MEANS OF LEAD SALTS 
AND ELECTROLYSIS. 


There are several kinds of lead saccharates, ‘such as bi- 
saccharate and tri-saccharate. The first of these is soluble in 
acetate solutions of lead, but not in water; the latter is slightly 
soluble in water. Brrzetius! obtained the lead saccharate by 
adding a lead oxid in excess to sugar solutions. In this manner 
all the sugar was separated. In 1850: Dusrunraut made many 
unsuccessful attempts to invent a process for extracting sugar 
from solutions by means of lead. To Wont must be attributed 
the only method that has met with any success. 

Wohl process.—By this method of working, the residuary 
molasses is diluted with 80 per cent of water, and yellow lead oxid 
is added, so that the proportions are 150 parts oxid for 100 parts 
sugar. The mixture is passed through a grinding mill, such as is 
used for mortar. After this operation has lasted about 20 minutes, 
the liquid paste is run into reservoirs, where it remains for one 
and one-half or two hours. The mass solidifies, and all the sugar 
after that interval has entered into combination. The product is 
subsequently diluted and run through a filter press. The resulting 
cakes are carefully washed, first with warm water, to eliminate the 
soda and caustic potash resulting from the chemical reaction, and 
then with water at 75° C. If these caustic solutions should come 
in contact with the ordinary filtering cloths, the latter would soon 
be destroyed. At one time it was proposed to cover the frames of 
the filter-presses with asbestos cloths, but such methods are too 
expensive. The saccharate is diluted in water, and then very 
thoroughly carbonatated; filtration follows, and a filtrate of a 
purity of 99 is obtained. The residuum of lead carbonate from 
the presses is regenerated into oxid of lead, using for the purpose 
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one of the existing processes. It is this regeneration of the lead 
oxid that has been the cause of considerable difficulty. KaAssnrEr! 
has proposed to heat this carbonate with oxid, bioxid, sesquioxid, 
hydroxid, or nitrate of lead to regenerate the oxid of lead that it 
contains. 

Wout? has been able to regenerate the lead oxid in a moist 
condition, thus doing away with all the complications of a regen- 
erating furnace. ‘The process is based upon the principle that in- 
soluble basic carbonate of lead, precipitated by the carbonatation 
of the saccharate, instantly loses, at the ordinary temperature 
and in the presence of an excess of potash or caustic soda, all of 
its carbonic acid, and by observing certain determined conditions 
one is able to precipitate the active oxid. The same chemist 3 
later proposed that this solution be used for the precipitation of 
sugar, which method was easier and more simple. Then other 
improvements were made in order to obtain a purer saccharate. 

It is to be noted that formerly one of the objectionable features 
of the WoHL process for desugarization of molasses was, that foreign 
substances, such as raffinose, would precipitate at the same time 
as sugar. This difficulty is overcome by heating the solution of 
molasses to 80° or 90° C. with a lead saccharate, to which a small 
quantity of alkali has been added. In the precipitate thus ob- 
tained there is very little sugar, and it may be mixed with the 
filtrate at 40° Brix., which is obtained from the subsequent pre- 
cipitation of sugar from this molasses solution and carbonatated. 
A perceptible decoloration of the molasses takes place during this 
preliminary epuration. The carbonate of lead obtained by the 
carbonatation of the mentioned residues may be redissolved in a 
wash of caustic potash, filtered and used for the precipitation of the 
lead saccharate. By this means mechanical impurities are elim- 
inated that would otherwise accumulate in the cycle of the manipu- 
lations connected with the process 

Certain facts were noticed which led to new changes in this 
method. If molasses is mixed with caustic potash and yel- 
low lead oxide in the proportions corresponding to the formula 
C32H22011,PbO, KOH, after some time a part of the lead and a 
part of the sugar will crystallize as an insoluble lead saccharate, 
and can be separated while another part of both compounds re- 
mains in the solution as a soluble lead saccharate. If a new quan- 


CNY. 40; 21171898. C6208, 180% 71, to, oe ee 


LEAD PROCESSES AND ELECTROLYSIS. 513 


tity of molasses and lead oxid is added to this solution, a new 
quantity of insoluble saccharate will crystallize, etc. The very pres- 
ence of the soluble lead saccharate seems to favor the separa- 
tion of the crystallized compound. It has also been proposed 
to change the residue of the mother liquors, rich in potassic salts 
into a plastic mass by the addition of lime, instead of burning it 
in a furnace. This mass is heated in special retorts, and the lib- 
erated ammonia is collected. By the original method of working,! 
the rapid precipitation of the bi-saccharate of amorphous lead was 
such as to carry down all the impurities. Through the new 
process, that is to say, by the successive additions of molasses 
and epurating agents, there is produced a mass from which the 
mother liquors are easily separated. 

Attention may be called to yet another improvement in the 
manner in which the carbonatation of the saccharate of lead is con- 
ducted. By the process as first conducted, the carbonatation was 
complete and was pushed to neutrality. An objectionable feature 
of this procedure was the liberation of foreign substances originally 
precipitated by the lead. These were then returned to the sugar 
solutions, which thus became very pure, and their subsequent 
working was made more difficult. By the later process? the car- 
bonatation ceases when the saccharate is decomposed and the sugar 
liberated. ‘This mass is filtered and washed. The hydrocarbonates 
of lead are mixed with water and carbonatated again to neutrality. 
To eliminate the calcic carbonate contained in the precipitate, a 
small quantity of hydrochloric acid is added just before carbona- 
tation is terminated. The lime then passes into the solution. No 
particle of lead carbonate is decomposed by the acid added. 

KassNrER ? proposed to extract the sugar contained in diluted 
solutions, molasses, etc., by a filtration through filter-presses, or 
through filtering plates placed one over the other, on which is a 
layer of paste composed of oxid or hydroxid of lead and sugarate 
from a previous operation. The sugar combines with the lead 
oxid, and the filtrate obtained contains very little sugar. 

_ While the Wont process is very interesting from a theoretical 

point of view, its working in practice is too expensive, and several 
factories that gave it a fair trial are said to have abandoned it on 
that account. There need be no apprehension as to the use of lead 
salts and their toxic properties, provided the various manipulations 
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are conducted by competent persons; for then lead is not even 
found in the residuary molasses, and, consequently, cannot be in 
the sugar. While the carbonate and'sulphate of lead are insoluble, 
these strontia, baryta, or lead processes should hardly be attempted 
in any beet-sugar factory unless especially watched by a well- 
conducted laboratory and a staff of chemists. 

Electrolysis.—No serious efforts have ever been made to epurate 
residuary molasses by electrolysis and electrodialysis. What was 
said upon this subject, under the caption of Electrical Epuration 
of Saccharine Juices, also applies in this connection. 


CHAPTER, VI. 
OTHER MODES OF MOLASSES UTILIZATION. 


Use of molasses for distilling.—In Europe, most of the residuary 
molasses from beet-sugar factories is used for the manufacture of 
alcohol. Hence the author has repeatedly urged that new enter- 
prises should begin with a distillery, using the beets from experi- 
mental patches within a radius of several miles of the site of the 
proposed factory. If these roots yield alcohol in certain propor- 
tions, the sugar content must be satisfactory. The sugar plant 
can then bring the distillery into practical use for disposing of its 
residuary molasses. It is to be noted that when a beet-molasses 
contains a low percentage of salts it will not readily ferment, and 
this is the theoretical explanation made in the case of osmosed 
molasses. Under the influence of a soluble ferment, a zymase con- 
tained in the yeast and known as sucrase, the saccharose is split 
into dextrose and levulose, and these two sugars are transforme 
into alcohol, carbonic acid, and water through the action of the 
yeast cells. 

From the distiller’s standpoint, the sugar.of the molasses is the 
most important element of this product, but, besides the sugar, 
there are generally other substances, such as dextrose, etc., which 
result from numerous alterations of the juice during some phase 
of the manufacture, and all these play an important part in the 
yield of alcohol obtained from a given weight of molasses. On 
the other hand, the raffinose helps to increase the polarization of 
a molasses and contributes little to the alcohol yields. Through 
the sucrase, the raffinose! is changed into levulose and melibiose. 
As the latter cannot be split up into sugars that will ferment, the — 
raffinose would contribute very little to the alcohol yield 

When the molasses is to be rapidly fermented there can be no 
objection to a slight acidity, as it is to be slightly acidulated before 
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fermentation anyway. On the other hand, if the residuum is to be 
kept for a considerable time, the existing acidity might be respon- 
sible for considerable sugar losses through the action of varied 
micro-organisms. This is especially the case when proper atten- 
tion is not given to cleanliness in the factory, especially in the 
molasses tanks or receptacles. In most beet-sugar factories, the 
residuum molasses left after the campaign remains either in the 
large crystallizing tanks or in special receptacles. The rooms 
where it is kept must be warm, otherwise the product will become 
very thick and sticky during the winter. It must then be reheated 
by steam in these reservoirs when it is intended to ship the product, 
which is very objectionable when it has to be filled into barrels, 
for, in a diluted and hot condition, it would leak out. 

When it is intended to keep fresh molasses in barrels, it is col- 
lected and diluted to 42° Bé. as soon as it leaves the centrifugal, 
and the product runs into a distributing trough, which may allow 
several barrels to be simultaneously filled. This trough should 
not be too long, or the residuum will thicken. After the barrels 
have been filled they are weighed, their outer hoops being well 
tightened if necessary. Under no circumstances should the empty 
or filled barrels be left exposed to the sun. In case the molasses 
is to be shipped in special cisterns it is pumped up to them, or, if 
the molasses reservoir is at a certain elevation, it falls by gravity. 
Generally, the product is brought to the molasses distillery in cis- 
terns placed on suitable car trucks. 

Industrial usage of molasses.—It is customary to add molasess 
to the dye-wood extracts, though just why this is done is not clear. 
The factories making logwood and other extracts add the molasses, 
that the dyer need only dilute the mixture to have exactly the 
proportion in which the product is to be used. The quantity of 
molasses thus added frequently reaches 40 per cent of the final 
product obtained. This industry appears to be largely monopolized 
in France and Germany. The mixture in question is obtained under 
the following conditions: The coloring substance is concentrated 
so as to form a juice of a density of 20° to 25° Bé., the methods of 
extraction and evaporation being exactly the same as are used in 
extracting the sugar from: the beet (with the exception of the 
epuration). ‘The juices are then mixed with different substances, 
which give to the black any special hue desired. The molasses is 
added in measured quantities, and the mixture is sent to a vacuum 
pan having an interior agitating device. The mass is concentrated 
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until it becomes very viscous, and is then run into moulds, where 
it solidifies in very hard cakes. It is to be noticed that the large 
proportion of molasses increases the fluidity of the product even 
at low temperatures. 

For shoe-blackings.—The quantity of molasses consumed by 
the shoe-blacking industry is comparatively small, but yet it has 
its importance. It is a well-known fact that concentrated sulphuric 
acid has an enormous affinity for water, and will even remove the 
water molecules from many compounds that contain elements of 
water. Sugar, for example, groups with its molecule the element 
of six molecules of water combined with six atoms of carbon; 
sulphuric acid will remove all the hydrogen and oxygen, and leave 
carbon as a final product. When molasses is mixed with concen- 
trated sulphuric acid the mass will boil over and turn black, and 
the final product will simply be a pasty carbon which is very finely 
divided. It is washed to remove the acid in excess. Some ivory- 
black is then added, and a certain quantity of various substances 
which give a fatty compound. 

Usage of molasses for cattle-feeding.—The subject of molasses 
utilization in cattle-feeding has been fully considered in a previous ° 
volume.! It was pointed out that the principal value of molasses 
was due to its sugar. Also the salts stimulate the digestion, the 
result being that an exceptional amount of forage is eaten. It is 
not advisable to use molasses on the farm in the condition in which 
it leaves the factory, and, owing to its heavy,’ pasty condition, it 
is generally mixed in various proportions with peat, straw, etc. 
There are now special establishments undertaking to furnish these 
combinations to the farmers, and therefore their preparation is 
not usually attempted in the beet-sugar factories... 

Experience shows that in these preparations the temperature 
of the molasses should not exceed 80° C.; otherwise the cooling 
would be too slow, and, as many substances would be burned even 
at that temperature, a lower one is sometimes desirable. Whatever 
be the method adopted, the mixture should be spread out in thin 
layers, so as to cool before being sacked. When these cattle-foods 
are made, it is better to use fresh rather than stored molasses. 
Every precaution should be taken to keep the product thoroughly 
dry, for when moist it undergoes organic changes which may be 
very harmful to cattle or horses. The authorities upon the subject 
point out that the molasses, when it is to be combined for feeding 
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purposes, should not be reheated by means of steam-injectors, but 
with closed steam coils. Forages that contain molasses at a con- 
centration of less than 78° Brix. have no keeping powers. 

Usage of molasses as a fertilizer.—It has been frequently sug- 
gested that there would be important economic advantages in using 
molasses as a fertilizer, but this involves a complete loss of the 50 
per cent of sugar they contain. Under certain conditions, this is 
the only use to which it can be put. A large percentage of the plant 
foods extracted from the soil during the beets’ development are 
thus returned; but, besides saving in food, the same results are 
realized when it is mixed with beet-pulps and given as food to cattle. 
Vivien ! states that, when the residuum is utilized as a fertilizer, 
about one-half a ton is necessary per acre, it having been first 
diluted with one-seventh water. A solid cake may be made with 
molasses by combining 100 kilos of slaked lime with 200 kilos of 
molasses, and thus a powder is obtained that may be readily spread 
over the surface of the soil. M@rxHay? made the same mixture, 
but used quicklime. 

As a fuel.—It may so happen that the residuary molasses has 
‘no market, either for distilling or other purposes, and at the same 
time the cost of fuel is exceptionally high. This is of frequent 
occurrence with cane molasses in tropical countries, but is rarely 
the case in those climes where sugar is extracted from the beet. 
The residuum is sometimes burned in special furnaces, as, for ex- 
ample, at the Nacu-Hamapi (Egypt) sugar factory. Directly in 
front of the boiler is placed a long brick furnace. The molasses is 
distributed through a pipe upon the slanting bottom of the furnaces 
This product has a tendency to flow away from the boiler; but 
the already burning molasses communicates the flame to the fresh 
product, and there result masses or crusts of carbon, which soon 
give the requisite heat to bring the boiler under pressure. These 
crusts are entirly consumed, and there remains an ash consisting 
of the salts the residuum contained. The ash, which is pushed 
down and is removed from an end door, may be advantageously 
utilized as a fertilizer. 

According to Matianon,? beet molasses has a caloric power of 
3156 calories. Martanarp‘ also has met with some success in the 
preparation of a molasses fuel. The residuum is concentrated so 


1§. 1309, 47), 1878: 3 Second Congress, 1, 293, 1897. 
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as to obtain a nearly compact mass, but before its final solidifica- 
tion porous substances are added which absorb the water. The 
product is compressed into bricks, which may be kept for a long 
time. The idea of combining molasses with coal-dust, and then 
making bricks out of the conglomeration, has also been suggested. 

Other usages.—Besides the utilization of molasses in the ways 
mentioned in the foregoing, there are so many others that the 
mere mention of them would take considerable space. Among them 
may be cited its use in disinfectant solutions to be sprayed upon 
plants. The sticky or adhesive property of the product makes the 
chemical insect-destroyer to stick to the spot where it is most 
neeced. 

A French? inventor states that, when molasses is combired 
with a decoction of any product containing tannin or with lime, 
the product has considerable industrial value. For example, if 
75 to 80 parts of molasses are heated nearly to boiling point with 
20 to 25 parts of lime, there will be obtained, on cooling, a product 
sufficiently adhesive to take the place of colophony, or adhesive 
grease. By boiling during a certain period a mixture of 2 parts 
of molasses with 3 parts of lime, the compound will form an excel- 
lent substitute for dextrin and gum arabic. If 30 to 35 parts of 
lampblack are mixed with 70 to 80 parts of molasses, to which are 
added 1 to 2 parts glue and wood-shavings containing tannin, the 
mixture may be used as a fatty blacking. From a tannin and 
molasses combination, to which has been added a lacquer solution, 
and which has been subsequently treated by a patent process, a 
product is obtained very analogous to caoutchouc, and may be 
used as a cheap substitute for rubber. 


1 Bull. Asso., 5, 190, 1 887. 28. B., May, 1899. 
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Quantity and nature.—Enormous quantities of water are needed 
in a beet-sugar factory. As early as 1851 Brix declared that 85 
cubic meters of water were needed for the sugar extraction, and 
2610 cubic meters for the condensation, for every ton of beets 
sliced. Owing to the introduction of new machinery and processes 
since that time, those figures would now be misleading. At the 
present day the water consumption for working by diffusion is 
250 to 300 per cent of the total weight of beets sliced; and for con- 
densation the modern evaporating plant, including the vacuum 
pan, requires from 350 to 800 per cent. The total quantity of water 
necessary is 1000 per cent of the weight of the beets worked, but 
this limit is frequently exceeded. 

The reutilization of water is a difficult problem to solve; hence 
it is important, when selecting a site for a sugar factory, to have 
water in abundance, and of a quality to meet all the demands of 
the sugar-manufacturing process. For the diffusion, a water of 
the highest possible purity is required; and for the boilers it is 
essential that the water shall not contain those compounds \ hich 
form deposits or incrustations. For the evaporation a larger vol- 
ume of comparatively fresh water is needed, and for the STEFFEN 
- separation it should be as cold as possible. Some residuary 
waters cannot be used a second time, and must be dispos.d of 
without injury to adjacent property. In Europe there is no issue 
at the present day that is of greater importance than this, and yet 
it has not been entirely solved to the satisfaction of all interested. 

The final residuary waters of beet-sugar factories are of most 
varied composition. They include: 

1. The waters from the washers and the hydraulic carrier; 
these contain considerable earth, beet and vegetable wastes, and 
sugar and micro-organisms in great number, some of which are 
said to be destructive to beet cultivation. 
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2. The waste from diffusion battery, holding in suspension con- 
siderable quantities of cossette-ends, sugar, albumin, and micro- 
organisms. 

3. The sweet water from the cossette presses presents the same 
general characteristics as the waters just mentioned, but at a higher 
degree. 

4. Sweet waters from charcoal filters in a few factories where 
these continue to be used. These waters contain more micro- 
organisms than any of the others, owing to the fermentation to 
which they are submitted and to the sugar they contain. 

5. Water from the carbonic acid waters, containing car- 
bonic acid, carbon oxid}and sometimes sulphurous acid and 
ammonia. 

6. The ammoniacal waters from the multiple effect, etc., which 
also frequently contain traces of sugar. 

7. Water from the condensers, containing the same substances 
as already mentioned, but in very small proportion. 

8. Water from the purgers of the machines, which are highly 
charged with fatty substances. 

9. Water from the boiler cleaning, holding in suspension the 
boiler scalings, and frequently retaining a small quantity of de- 
composed sugar, oils, etc. These waters are very hot. 

10. Waters from filter cloths and sugar-bag washing, containing 
a fraction of sugar, but micro-organisms in large quantities. 

11. The dirty waters which are the outcome of washing and 
cleaning the factory, and combine the characteristics of all the other 
waters. 

12. The overflow water of all water pumps. 

Necessity of epuration.—Waste water from beet-sugar factories 
has not as yet been much discussed in the United States, but it is 
only a question of time when many litigations relating to the sub- 
ject will be argued in our courts. As these frequently will involve 
considerable sums of money, and even go so far as to force certain 
factories to shut down in the midst of their campaign, leaving thou- 
sands of tons of beets unworked, the money value of which will 
be a loss to the manufacturers or farmers, it is important to con- 
sider the residuary-water question carefully. The fact is, the prob- 
lems of the epuration of residuary water from beet-sugar factories 
is far from finding a solution. In most countries there is much 
litigation occasioned by river pollution. In France there is a law 
prohibiting the emptying of waste waters from diffusion batteries 
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into cisterns which in any way connect with a neighboring stream 
or river, waters from the beet washer being excepted. 

Residuary waters from beet-sugar factories are not hurtful to 
the health of man or beast, but they may bring about unpleasant 
transformations in small streams. To fish, these waters are di- 
rectly very inoffensive, and it is only the development of certain 
vegetations that has an injurious effect when they enter into de- 
composition. The organisms responsible for these fermentations 
are to be found in all residuary waters of beet-sugar factories. 
The beggiatoa alba forms a white deposit upon the scums of these 
impure waters in the state of putrefaction. The Spherotilus natans 
also lives in very impure waters, but is not susceptible to putre- 
faction, and the leptomitus lacteus is to be found in still purer water. 
By the presence of these three forms of algees the condition of 
epuration of a water may be approximately judged. But the 
bacteria, in assimilating organic substances not subject to putrid 
putrefaction, change them into protoplasm that is likely to putrefy, 
and will decompose as scon as the level of the stream or river is 
sufficiently low to leave it exposed to the air. In order that these 
organisms may continue to develop, it is necessary that the waters 
themselves be of a certain purity. 

Mnz? concludes that it is not rational to demand that the 
waters emptied into streams should not produce a certain vegeta- 
tion; for, when the sugar campaign begins, no factory has the time 
or the facilities to push the epuration of its waste water to that 
limit. What might be demanded, is that the epuration be con- 
tinued so that the beggiatoa alba can no longer develop, which 
within itself would indicate that the waters will no longer putrefy. 
It must be remembered that the leptomztus is found mainly in rela- 
tively pure waters, and its development generally indicates that 
the epuration has been effectual; on the other hand, the Sphero- 
tilus is found in impure water, while the beggiatva alba indicates 
putrefaction, and consequently the presence of these two vegeta- 
tions indicates a water that has not been sufficiently epurated. 

The vegetation of the algees in certain cases may reach such 
a state of development that the streams are simply overrun with 
it. Water mills may even cease running through its influence. 
The explanations of this differ. On the one hand, it is claimed that 
the albuminoids in excess are responsible; on the other, that it is 
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the sugar contained in these residuary waters that does the harm. 
From numerous investigations it would appear that sugar is more 
Objectionable than any other foreign substance. Without doubt, 
the sulphuretted hydrogen thrown off by the putrefaction of the 
algees will kill fish, and therefore is a direct poison; furthermore, 
it deprives water of a certain quantity of oxygen, as it oxidizes 
itself with liberation of sulphur, and this also is destructive to fish. 
The absence of oxygen is the main cause of the difficulty, as in 
these waters there are but few substances which act as toxics. 
According to WrIGELET,! mineral substances will kill tench and 
trout when in the following proportions: Calcic hypochlorid, 0.0008 
to 0.0005 per cent; sulphurous acid, 0.00005 per cent; sulphuretted 
hydrogen, 0.01 to 0.001 per cent. Hydrochloric, nitrate, and sul- 
phuric acids will not be fatal within the limits of 0.1 per cent. 

Huuwa points out that the degree of purity of water does not 
determine its suitability for fish. In pure water, fish could not 
thrive, as they need impurities of a special kind. The mud and 
impurities of swamps may create the very best conditions for the 
support of carp, eels, etc. It is exactly with this idea in view that 
there are often thrown into ponds various kinds of household 
wastes to feed the fish, not directly, but with the micro-organisms 
which result from certain changes in such material. Huuwa claims 
that the mortality among fish may be due to epidemics that have 
nothing to do with the nature of the water. Sewer waters are 
Objectionable when they kill the aquatic vegetation. This vege- 
tation and the fauna have a double object in view, that of bringing 
about a putrefaction of the water and of feeding the fish. Mollusks 
and micro-organisms feed upon these residues. ‘The question, as a 
whole, demands considerable thought. If the point at which the 
water is emptied into the river is far enough from the place where 
it is to be utilized, the contact of the air, etc., effects a natural 
epuration. ‘There are evidently exceptions to this rule, as when 
the stream is small compared to the quantity of waste water it 
receives, in which case the pollution attains its maximum pro- 
portions, and under no circumstances should the local authorities. 
tolerate such an abuse. 

Classification of residuary waters in accordance with their 
necessary epuration is an important question to be considered, 
and, as previously pointed out, some waters may be thrown into 
the river, for example, the water that overflows from various pumps 
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of the factory or from the water reservoirs, and these waters should 
not be mixed with residuary water. On the other hand, some 
waters need only to be exposed to the air, cooled, and then thrown 
off, as is the case with the water from the condenser, carbonic acid 
washer, and that blown off from the boilers. Such waters contain 
too. little oxygen, hence the importance of their aeration. The 
waters from the beet-washer and the hydraulic carrier only need 
to be decanted, as their mechanical impurities are thus readily 
separated. All the other waters must be epurated, and the methods 
are of three different orders—mechanical, chemical, and biological. 

It is evident that there is an advantage in an intelligent classi- 
fication of the factory residuary water. Furthermore, under cer- 
tain circumstances, the same water may advantageously be used 
several times; water from the condenser, for example, may be 
used in the flues, or hydraulic carriers, for the beets, and the waste 
from the diffusion battery may be employed for working by the 
dirty-water method in the battery itself. 

Mechanical epuration.—Under another caption has been given 
the method of cooling and aerating water. The mechanical im- 
purities favoring fermentation must be separated from the waste 
waters of the washers, diffusion battery, and cossette-presses. 
There are many different arrangements for separating these sus- 
pended pulp or beet particles, among which mention may be made 
of the Laass! separator, which is composed of a rotating drum, 
holding a movable comb that works between the bars of a curved 
grating connected with the beet-washers. Another grating with 
straight bars is placed above the revolving drum. The teeth of 
the comb remove the free pulp from the first grating. This pulp 
falls off easily, and the working is greatly facilitated by the alternat- 
ing motion given to the bars of the arrestor by a cam receiving its 
motion from the rotating drum. Another arrangement consists 
of a brick-and-cement-lined pit, through which flows the dirty water 
to the exit at the bottom, the larger ends of beets being arrested 
by a suitable grating, and removed by rakes attached to chains. 
Another pulp and broken-beet arrestor consists of a large metallic 
filtering cloth, placed at the bottom of a pit, through which cir- 
culates the water from the washer. Here again the deposits are 
removed with rakes. In another combination, instead of the rakes, 
scrapers are used, alternating with brushes, which force the deposits 
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to the upper inclined portion of the metallic filtering cloth, from 
which they fall into a spiral. In case of beet-washers the mesh is 
4 to 5mm., and for the water from pulp-presses 1 to 2 mm. 

Another arrestor consists of a large drum, the sides of which 
are perforated. The drum forms, with another metallic cloth, a sort 
of trough, one side of which is perforated. Water passes through 
the holes, while the drum during its revolution raises the solid 
particles, which are subsequently removed by suitable scrapers. 
Yet another arrestor may be mentioned, which consists of a box, 
at the bottom of which is a metallic filtering cloth. Four horizontal 
arms, with scrapers, remove the deposits when they reach a certain 
height, and an apparatus with a backward and forward motion 
throws them into a carrier. It is claimed that 2.5 per cent of the 
total weight of the beets washed are lost without the use of these 
arrestors. From pulp-presses also 0.3 per cent is collected. This 
free pulp from presses may be mixed with pressed residuum pulps. 

Chemical epuration.—No chemical is known that will satis- 
factorily purify the residuary waters from a beet-sugar factory, 
and, notwithstanding the numerous experiments in this direction, 
lime continues to remain in use as giving the best results. Lime 
is added to decanted waters; but, as this addition is made without 
method in most cases, the results obtained are disappointing. 
Now and then a few handfuls are simply thrown into the canal 
connecting with the main stream or river, and the lime is slaked 
here and there as it may happen to fall. The arrangements for 
milk of lime distribution through a regulated valve are gaining in 
popularity. 

A special appliance has been used by ScuircurEr! for mixing 
the residuary water from beet-sugar factories with epurating agents. 
It consists of an inclined trough, divided into several compartments 
by means of vertical divisions two-thirds of the height of its sides. 
The bottom of this receptacle has an inclination that is the reverse of 
the axis of the trough. Under these conditions the mechanical im- 
purities tend to deposit themselves on the lower side, notwithstand- 
ing the intensity of force of the current of water. ‘The vertical 
divisions reach nearly to the bottom, thus forcing the water to fol- 
low a zigzag direction, which greatly facilitates the mixing of the 
residuary water with the substance used for its epuration. The 
waters thus mixed with lime are left to settle in large tanks, from 
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which they flow into the river, and are more or less alkaline. 
WHIGMANN’S! experiments show that lime-epurated water, which 
had been subsequently filtered and still retained an excessive 
alkalinity, contained no micro-organisms after having settled for 
three to four weeks. Other waters, that had been neutralized by 
carbonic acid and exposed to the air, contained 25,000,000 of these 
lower forms of life in a cb. cm. 

Notwithstanding the fact that the water running from the de- 
canting tanks may be perfectly clear, it is not pure water; for it 
contains all the substances dissolved, mainly sugar, which will 
ferment and putrefy. Chemicals will not act on these substances 
and the residuary waters can be rendered alkaline only through the 
use of milk of lime, and thus, in a measure, the fermentation, or 
putrefaction, is retarded, which, however, is of very doubtful 
advantage. 

BODENBENDER recommends that these settled, limed, alkaline 
waters be passed over a series of steps forming a waterfall; the 
aeration is then more complete, and an oxidation of the organic 
substances necessarily results. For this liming, Huntwa proposes 
a process consisting of three distinct operations. The lime is added 
to the water, and then, depending upon the composition of the 
water being treated, there is added a preparation of iron, magnesia, 
lime, and cellulose, the latter being prepared by a special process. 
The precipitate is separated, and the strongly alkaline filtrate is 
submitted to a carbonatation. A second.filtration follows. Then 
a small quantity of sulphurous acid is added, which acts as a dis- 
infectant, and helps to keep the. waters in this condition of purity. 


Among the chemical processes that have met with reasonable 
success in residuary-water epuration may be mentioned the use of 
iron salts, suggested by Vivien? in 1878. The most successful 
method is that of LimsENBERG, in which an iron salt is used with an 
excellent epurating effect. If such salts have not been generally 
adopted for this special purpose, it is due to the fact that the ferric 
preparations hitherto used have been too expensive, and, further- 
more, have not been sufficiently active in their effects. The salt 
giving entire satisfaction is a sodic ferrite having the formula’ 
Nagk.O4. To produce this chemical, an equal weight of soda 
is added to pulverized iron-ore in a special smelting-furnace, 





1 Viprans, Abfallwasser, 18, 1899. 7 Bull. Asso., 11, 132, 1893. 


RESIDUARY WATER. 527 


and a reaction follows. If a ferric alumina mineral is used, one 
obtains at the same time an aluminate of soda. The residuary 
waters are first treated with milk of lime until there is a slightly 
alkaline reaction; then ferric or ferric-aluminate of soda is added, 
which decomposes with the liberation of hydroxid of iron, of soda, 
and finally of alumina. Ferric hydrates and alumina have an 
energetic action in precipitating most of the organic combinations 
by stopping the formation of sulphidric acid. The water is de- 
canted from the precipitate. | 

The mixing should be done in a special receptacle, having at its 
bottom a revolving shaft with arm attachments. Upon the shaft 
are scoop wheels, taking up and throwing out always the same vol- 
ume of chemical solution, which subsequently flows into the re- 
ceptacle containing the residuum water. It is pointed out that the 
ferric salt under consideration gives far better results than can be 
obtained with ferric sulphate. This process was considerably in 
vogue in Germany about ten years since, but for some reason it has 
now become obsolete. Like most of the methods of so-called epura- 
tion, it has no action on the albumen and sugar, the most objec- 
tionable elements in residuary waters, and this holds good for all 
processes based on the combination of disinfectants. 

Among the other chemicals used, mention may be made of ozone. 
Residuary-water epuration by the Orro! method consists in the 
use of several injectors, which closely mix the water with ozone. 
This combination passes into a separating compartment, in which 
the ozone and the water are divided, and then conducted into a 
larger receptacle. The ozone enters from the bottom, but the water 
falls from the top and again comes in contact with the ozone. In 
order to increase the surface action, the water is made to circulate 
over a series of obstacles, upon which it is finely subdivided. The 
same fault may again be found with this process regarding the lack 
of action upon sugar and the albuminoids, as ozone is without such 
action. This process of epuration has, nevertheless, had a certain 
vogue in sugar factories. 

Mention may also be made of an electrical process. PFINGS- 
THORN2 has suggested accelerating the oxidation by electrical 
action upon water; the oxygen liberated will be in a native state 
and very powerful in its action, much more so than when forming 
part of the composition of the air. The experiments were carried 
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on with a 7-horse-power dynamo. The two poles of the dynamo 
were put in communication with the pencil of platin wire, and this 
was submerged in water that had been submitted to a preliminary 
lime epuration. In order to prolong the action of the liberated 
oxygen, it was proposed to accomplish this electrolysis in large hol- 
low columns. ‘The process was too expensive, and was subsequently 
abandoned. The HrrmitH! electrical method consisted in using 
an electrolyzor holding water to which had been added some 
chlorid, and allowing the production of an oxygen-chlorin compound 
on the positive pole and a metallic oxid on the negative pole. 
Biological processes.—From what has been said in the foregoing, 
it is clearly shown that the numerous processes of epuration tested 
have not accomplished the purpose in view. The fermentation 
and putrefaction continue to take place when the suitable occasion 
presents itself, and, after their work is accomplished, these complex 
substances become simply mineral and are harmless. So the idea 
is suggested: Have we not here the very process needed? 
Apparently, it was MUELLER? who first suggested that fermen- 
tation and putrefaction should be the rational process for epuratign 
residuary waters of beet-sugar factories. This process demanded 
a series of tanks, each with a capacity for holding the waste water 
for twenty-four hours. To these waters, warm water from the con- 
densers is added, so as to obtain a condition favorable for fermen- 
tation, and, in order to obviate all possible loss of caloric, the tanks 
are covered with poor heat-conductors. Fermentation does what 
the chemical agents could not do,—it eliminates the albuminoids 
and sugar. The waters are subsequently filtered in coke-and-sand 
filters. The practical experiments made with this process showed 3 
that during the winter the fermentation is very slow, on account 
of the difficulty in maintaining the favorable temperature. The 
process is expensive on account of the numerous reservoirs needed, 
and the liberated gases from the tanks are decidedly objectionable. 
ELSASSER proposed to circulate these residuary waters upon 
lands, and allow them to drain through the soil, but this plan de- 
manded enormous areas, and on that account was impracticable 
in most cases. The ProskowrErz process, which has been widely 
and successfully adopted, is a variation of the method just men- 
tioned. The best installation for description is that of the 400-ton 
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beet-sugar plant at Sapowa,! Bohemia, where the method is in 
practical operation. The water from the factory is received in a 
decanting ditch, A (Fig. 221), where the heavier impurities are de- 
posited, and from thence it passes into a series of decanting re- 
ceptacles, C. During passage the water necessarily cools, and then 
flows upon the first draining land, D. Upon this field the drains 
are placed perpendicular to the ditch that separates D and FE, 






0.79 acres 


Drains 





STREET 





Fiq. 221.—Proskowetz Process of Biological Epuration of Residuary 
Water as Applied at Sapowa. 


These drains have a diameter varying from 80 to 100 mm., and are 
placed at a depth of 0.47 meters below the surface of the soil. The 
spacing between the drains is 0.70 meters. The subsoil and the 
draining lands of H and H consist of about 0.75 meters of humus, 
and then a layer of slightly argillaceous earth. From practical ex- 
periments made, it is shown that the field, D, might have been half 
the size it actually is, and yet the ultimate results would have been 
the same. The water is collected in the ditch between D and £, 
and is slightly acid. From here the water flows onto the field, £, 
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where the drainage is accomplished at a much greater depth. The 
drains in this case have a diameter of 80 mm., and are placed about 
1.25 meters below the surface, with a space of 2 meters between 
them. 

The waters unite in the collecting drains, and then flow to the 
factory in an open canal. There they are mixed with a small quan- 
tity of lime, and then flow into the decanting tanks, G, where the 
insoluble calcic compounds may deposit the combinations of the 
products of decomposition of the water during drainage with lime. 
The water runs off by an overflow upon the draining land, H, in 
which there are two series of drains, some of which are 0.50 meters 
and others 1 m. below the surface. The first have a diameter of 
SO mm., and their spacing is 0.70 meters. In the others the di- 
ameter is 100 mm., and their spacing is 2 meters. The water then 
runs into the river in a most thoroughly purified condition. There 
are numerous variations from this standard arrangement which 
need not be given. 

HERZFELD ! criticizes the PROSKOWETZ process for waste-water 
purification. He says it is impossible to obtain a thorough epura- 
tion when water contains such a small percentage of sugar in solu- 
tion. With modern distilling appliances, the final wort retains ten 
times as great a percentage of sugar as does the sugar-factory re- 
siduum wastes, yet it escapes fermentation. Fermentation of the 
waste water in question is considered dangerous to health, while, 
when not fermented, it is not harmful. According to MALANDER, 
it must not be lost sight of that in this case there is no ques- 
tion of alcoholic fermentation, and that the word of fermenta- 
tion used for this process is misleading. The micro-organisms that 
cause the decomposition of the residuary water in the process under 
consideration have nothing in common with a ferment, and may 
perfectly produce the phenomenon sought, even when the albu- 
minoids and sugar are contained in the waters in very small quan- 
tities, just as some micro-organisms are able to thrive in distilled 
water that is apparently chemically pure.? 

In the usual method of water epuration, several fields located 
at different elevations are necessary ; otherwise it becomes necessary 
to pump the filtered water from one field to the other, so that the 
filtration may complete itself. The first-mentioned arrangement 
is not possible everywhere, and the objection to the second plan is 
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that the water circulation is confined to areas around the wells 
where the water collects. The new plan consists in dividing the 
field into different sections, separated by suitable dams, and ar- 
ranged so that the drained water collects at one end of these fields; 
the slants given in each case are reversed diagonally. The drainage 
pipes have also reversed directions, in order to force the water to 
flow over the greatest possible distance, and thus make use of the 
total filtering surface of the field. The drain pipes are arranged 
at a uniform height. All the fields, with the exception of the first, 
have, at a certain distance beneath the surface of the soil, distribut- 
ing pipes for water which is to be filtered several times. ‘The first 
field is placed under. water. The water collected by the drains of 
this section fills the collecting well up to the level of the distributing 
pipes of the second field and spreads in the strata through which it 
passes, finally reaching the drains of the second collector, which is 
filled up to the level of the drains of the third field, ete. These 
drains may all be made to communicate with one another by a 
series of valves arranged in the wells. 

Honia! declares that in the decanting basins there is not 
produced the slightest chemical epuration, but, on the contrary, 
the percentage of dissolved substances frequently increases. The 
epuration is mainly mechanical, but, nevertheless, the decanting 
under all circumstances must be effected with care, so as to obviate 
any possible clogging of the drainage medium. The epuration com- 
mences only after the water has passed through the first drainage 
field, when nitric organic substances will decompose. This same 
decomposition will continue and be complete when passing through 
the second drainage field. Then 70 per cent of the nitric organic 
substances are decomposed, and the resulting ammonia disappears 
frequently to the extent of 90 per cent, owing to the soil’s absorbing 
powers. ‘The other organic substances are also decomposed, and 
the resulting fatty acids are submitted to decomposition. The 
addition of lime has for its principal object the forming of insoluble 
calcic compounds. Waters thus treated will undergo no putrefaction, 
even after being exposed to the air for a period of weeks. The alka- 
linity of these waters has a very important influence upon the 
efficacy of the process; if excessive it would prevent development 
of bacteria producing putrefaction. Hence it is important to use 
lime very sparingly. The epuration is said to reach its maximum 
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when the alkalinity is the lowest. The following table shows the 
composition ! of the water before and after treatment and during 
different stages: 


COMPOSITION OF RESIDUARY WATERS AT DIFFERENT STAGES OF 
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These data are for 100,000 parts of water. An examination of 
the table shows that the sulphuric acid percentage has increased 
This is explained by the oxidation of sulphurous compounds. 
Waters that have undergone drainage epuration, when repeatedly 
taken from the sugar factory, are finally excessively charged with 
mineral substances, notwithstanding the fact that the soil holds 
back a considerable portion of the same. Under these conditions 
they can no longer be used. 

Efforts have been made to substitute for the draining lands 
artificial beds made up of various substances. GRASSBERGER ? and 
HambBura have conducted a series of investigations to determine 
whether a bed of coke could be used to purify residuary water. In 
some of these experiments a fair degree of epuration was obtained; 
on the other hand, in many cases the results were not encouraging, 
and the water contained, besides sugar that had not been destroyed, 
considerable quantities of sulphuretted hydrogen. The degree of 
epuration obtainable depends upon the nature of the water to be 
epurated, and the condition of the bed of coke, which generally 
becomes clogged after a time. These experts claim that only the 
sweet water from diffusion battery and cossette presses should be 
epurated by these biological methods, and that there can be no 
possible objection to allowing the dirty water from the beet washers 
and flumes, after a reasonable settling, to run into the river 








—— 
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By the recent PrrerFFER! method of epuration the residuary 
waters are subdivided, those from the beet washer, diffusion bat- 
teries, and the cossette presses being run into special tanks filled 
with coke and ashes, and having a capacity of 20 cubic meters. 
These tanks are filled twice a day. The water of filtration is run 
into iron tanks of two cubic meters capacity and filled with layers 
of 3 to 10 meters of coke. These waters oxidize and lose the greater 
portion of their organic substances; they also lose their odor of 
putrefaction, and no longer throw off sulphuretted hydrogen. 
When diluted with five times their volume of pure water they no 
longer. are injurious to fish. A portion of these residuary waters 
is returned to the washer, or to the hydraulic beet carriers, only 
a part of the total residuary water from a beet-sugar factory being 
actually submitted to epuration. 

There has been considerable discussion as to what micro- 
organisms would permit of the epuration of residuary waters. 
Some contend that they are the aerobes, and recommend that all 
the phenomena of epuration be accomplished in the presence of 
air; on the other hand, many authorities insist that they are 
aneerobes, and that air should be excluded. PinPrER? claims that 
the reason the epurating of residuary water by means of micro- 
organisms is so slow is, that they do not find in the pores of the 
filtering medium sufficient oxygen to properly exert their function, 
and recc:: nends mixing oxids with the water to be epurated, such 
as bi-oxid of manganese, to supply the oxygen needed. The nitri- 
fication of the nitric substances and the oxidation of other organic 
elements would then be more rapid. 

On the other hand, in the filter plant of the city of Berlin, * the 
water passes through a metallic cloth upon which is placed a layer 
of peat and earth, intended to keep out air and light, so that the 
emanations may not escape. In these tanks the water undergoes. 
a fermentation caused by certain anzerobes that are active only 
when light and air are absent. The liquid becomes covered with 
a layer of scum, which, after reaching a certain thickness, remains 
stationary, so that itis unnecessary to remove it. From the ferment- 
ing tank the water is received in a receptacle holding sand in layers 
through which it percolates from step to step, while the air circulates 
in the opposite direction and accomplishes a thorough aeration. 
The water is then received in a filter two meters deep, in which 
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there are alternate layers of gravel and coke powder. The water 
remains in these filters from 4 to 6 hours, and is then allowed to 
flow into the river. The filtering receptacles must themselves 
undergo an aeration for 16 hours. This process is recommended 
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; STEAM ECONOMY. 


CHAPTER I. 
BOILERS. 


General considerations.—It is not possible to go into all the 
details of the technical question of general boiler management, 
but those pertaining to beet-sugar factories only are of primary 
importance. In a beet-sugar factory the steam consumption is 
extremely variable, as the demands upon the motive force increase 
and diminish from hour to hour. The exhaust-steam production 
and its utilization also vary within wide limits with the beginning 
or completion of a strike in vacuum pan. The conditions, conse- 
quently, are such that a special type of boiler is needed in order to 
keep the pressure constant. The steam should be rapidly generated 
and constitute, as it were, a sort of pressure regulator. The special 
boilers for beet-sugar factories should hold a large volume of water, 
and the vapor chamber above the surface of the water should not 
only be very large, but should be high enough to prevent all possible 
chance of entrainement when the steam consumption increases 
suddenly. 

There are numerous advantages in having the steam at the 
highest possible pressure in the engines furnishing power for a beet- 
sugar factory. On the other hand, high pressure for the multiple 
effect, etc., is not of the same importance, for the simple reason 
that steam at high pressure does not yield a much greater number 
of calories than steam at low pressure. The argument does not 
hold good when the actual mechanical power is needed, as the 
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power created is proportionate to the pressure furnished. Ex- 
perience shows that a pressure of 6 atmosphere gives satisfactory 
results. For the various heating operations, steam at low pressure 
can be used. 

Divided batteries of boilers—The exhaust steam from the en- 
gines is collected in a special receptacle, but it frequently happens 
that this supply is not sufficient to meet the demands, and, in that 
case, instead of drawing upon the steam from the high-pressure 
boilers, some experts find it advantageous ‘to have other boilers 
at a lower pressure to supply the heat wanted. CLAASSEN approves 
this idea, when the boilers are divided in this manner as the result 
of circumstances, and when it is not especially prearranged, when, 
for example, new high-pressure boilers are installed, and when the 
old ones, working at lower pressure, are still to be run in order to 
meet the steam consumption of the factory. According to this 
same authority, it is a mistake to install in a new plant two kinds 
of boilers for the two different purposes. With a known quantity 
of coal, it is possible, under such circumstances, to produce nearly 
as much steam at 6 atmospheres as at 3 atmospheres. Notwith- 
standing the fact that in the first instance the difference in tempera- 
ture, between the gases during the heating and the water in the 
boiler, is less by 20° C. than in the second case, the heat transmis- 
sion does not decrease actually as the coefficient of heat transmis- 
sion increases with high temperatures. The losses of heat through 
the evacuated gases are about the same in each case. Furthermore, 
by transforming steam at 6 atmospheres to a pressure of 2 to 3 
atmospheres by running it through a valve, no heat is lost. Con- 
sequently, no actual advantage is obtained by dividing the boilers 
into two series. 

ScumMipT! agrees with CLAASSEN that there cannot be a great 
difference in the efficiency of a high- and low-pressure boiler, for 
the reason that the difference of heat needed to raise the steam at 
different pressures, as 1.7 atmospheres and 6.8 atmospheres, is less 
2 per cent. At these same pressures there is a variation in tem- 
peratures of 40° C. Supposing that between gas and water this 
40 X 100 

350” 
or 11.4 per cent. Furthermore, one must make allowance for the 
decreased coefficient of transmission with the temperature. ‘The 


difference of temperature is 350° C., that would be only 
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layer of soot increases with the decrease in temperature of the sur- 
face with which it comes in contact, and when working under low 
pressure it frequently follows that the temperature of the gases in 
the flues is higher than it is in high-pressure boilers. 

A practical experiment made by ScumrpT;! at 5.16 kilos and at 
1.97 kilos pressure per sq. cm., gave a steam production of 5.92 
kilos at high pressure and 5.95 kilos at low pressure, showing that 
there is practically no difference. He? concludes that there is no 
advantage, either from a practical or a theoretical standpoint, in 
working under low pressure. This same authority,3 however, 
points out that when the boiler battery is working in two sections 
the work is simpler and more rapid, and so the fuel consumption is 
indirectly decreased, resulting in considerable coal saving. ‘There 
results an economy, not from a higher efficiency of the boilers, or 
an easier production of steam, but from a reduction in the quantity 
of steam used in the factory. One must take into consideration 
the greater cost of the plant for two systems of boilers instead of 
one. There is more piping, and consequently a greater loss through 
radiation. 

CoLLIGNON 4 examines the issue from an entirely different stand- 
point. If there is only a single-boiler battery, the pressure in the 
boilers is lessened when the graining in the vacuum pan begins; 
and at once less mechanical power is obtained from the steam en- 
gines, which necessarily causes a decreased efficiency of all the 
appliances depending on them. In order that this pressure shall 
again become normal, more coal must be piled on the grates, which 
is certainly not economical. On the other hand, when there are 
two-boiler batteries the machines work with mathematical regu- 
larity, for the reason that their consumption of power undergoes 
very little variation. As regards the vapor utilization for heating 
throughout the factory, the pressure is of no importance, for the 
number of calories remains about the same. COLLIGNON supposes 
that in the low-pressure boiler there may be variations from 3 to 6 
atmospheres. Evidently, the extreme limit must be the exception, 
otherwise there would be no economy in this method. Efforts 
should be made to obtain an average, and, when the extra demands 
for steam are made, the pressure will not fall too low. It may hap- 
pen that there are two pans, the one beginning and the other 
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finishing its graining. At that instant the steam must be at a 
comparatively high pressure, and one would have to draw upon 
the high-pressure boiler, which would result in numerous compli- 
cations. The pan man is then able to use, at his option, steam at 
low or high pressure, and he generally selects the latter. 

VRANCKEN points out that it is possible to obtain nearly a con- 
stant pressure with one boiler battery of large size, provided it is 
closely watched and has the requisite heating surface. Heating 
with live steam is being less and less used, and the multiple-reheating 
method is taking its place. 

Superheated steam.—According to CLAASSEN, the use of super- 
heated steam for the working of the engines, which in some in- 
dustries has proved a success, offers no advantages in a beet-sugar 
factory. When the ordinary temperature of the gases of combus- 
tion in the flue is from 250° to 300° C., they cannot be utilized for 
the superheating of the steam, for the reason that the small difference 
of temperature between them and steam would demand large heat- 
ing surfaces and an expensive plant in order to produce the requisite 
superheating of about 200°. It is not advantageous to use directly 
heated superheaters, for the reason that the caloric power of the 
fuel is better utilized in the steam boilers, where the heat is trans- 
mitted to a liquid. 

CLAASSEN! declares also that superheated steam cannot be 
used to reheat, evaporate, and to grain beet juices. Superheated 
steam plays the part of an inert gas, and will not condense on the 
heated surfaces before its temperature has fallen to the point at which 
it becomes saturated steam, and until that moment is reached 
very little heat is given off. A superheating, even of one degree 
centigrade, has a perceptible destructive effect. The economy 
of superheated steam in the pipes does not exist, and the heat losses 
by radiation will be as heavy as if saturated steam had been 
used. In theory it would be desirable to have steam exactly sat- 
urated, but this cannot be realized in practice. According to this, 
it is also impossible to reach this point by mixing superheated steam 
with moist or damp steam, as a comparatively long interval of time 
is required before the superheated steam can evaporate the con- 
densed water molecules carried by the moist steam. ‘hese argu- 
ments comprise the objections offered to the WrrBet-PiccaRrD 
method, in which the vapors from an evaporating appliance are 
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utilized in a superheated condition. The use of superheaters 
should be confined to boilers, in which the steam generated is very 
moist. 

Martin! does not agree with CLAASSEN, and suggests that 
superheated steam may be used to advantage, especially where 
the steam pipes are exceptionally long. He recommends super- 
heating to 330° C., this steam to enter the cylinders of the engines 
at 220° C. Every possible precaution should be taken not to use 
copper, soldered pipes, etc. Superheated steam will cool very 
considerably when circulating through pipes; for example, the fall 
of temperature may be 100° C. for an 85-meter run. It is claimed 
that this steam may be mixed with live steam for heating, and ex- 
cellent results are said to have been thus obtained. 

According to LEwANpDowskKI,? if one wishes to make direct use 
of superheated steam under the best possible conditions for the 
evaporation, the limit of this super-saturation should be such that 
the steam will not condense in the pipes connecting with the vacuum 
pan, and this point alone would ensure an important economy. 
This argument is based upon the idea that superheated steam is not 
suited for heating; and, pursuing the same line of argument, it is 
feared that the exhaust steam from engines working with super- 
heated steam will also be superheated, and not suited to the evap- 
oration. MALANDER claims that the exhaust steam at 0.5 atmos- 
pheres from engines working with superheated steam at 220° to 
230° C., and at a pressure of 6 to 7 atmospheres, is saturated. 
The main objection to the use of superheated steam is, that it 
necessitates using special oils for lubricating purposes in the slide- 
valves, etc., and special packing for all joints with which the 
steam comes in contact, as most machinery and appliances would 
not stand these high temperatures. He also points out that 
superheated steam, even at 250° C., is perfectly suited for all 
evaporating and graining purposes. 

Water for feeding the boilers——Another difficulty arising in 
beet-sugar factories is with regard to the, water for the boilers. 
The factory furnishes a considerable volume of water for this pur- 
pose from the multiple effect. The temperature of this condensed 
water depends upon the pressure at which it is produced. The 
hottest water comes from the fore-evaporator and the ‘first com- 
partment of the multiple effect, and has a temperature of 110° 
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to 120° C. In many factories these hot waters are collected under 
pressure in closed reservoirs, and are separately pumped into the 
boilers at temperatures higher than 100° C. As these very hot 
waters are not sufficient to meet the demand, one is compelled to 
draw upon the water of condensation of the other compartments 
of the evaporating appliance, having temperatures of less than 
100° C. These waters of varied temperatures may be collected in 
a common reservoir, where the ultimate average temperature will 
be about 100°. If the condensed water at 75° to 80° from second, 
third, or other compartments are only occasionally drawn upon, 
or are used for other purposes, the water returned to the boiler 
seldom has a temperature lower than 90° or 95°. The pumps used 
for feeding the boilers with water at this temperature work with- 
out perturbation when the suction valves are pushed open by 
the water, that is, when the water tank is at a higher level than 
the valves. 

It is only in very exceptional cases that a beet-sugar factory 
has to feed its boilers with fresh water, as a large proportion of the 
steam generated in the boilers is again returned to them. ‘The losses 
are comparatively slight, and arise mainly through carbonatation- 
froth arrestors. In years when beets contain high percentages of 
nitric substances, the resulting juices throw off considerable am- 
monia; and if the resulting ammoniacal waters were continually 
returned to the boilers the steam would become saturated with it, 
and the brass mountings of the factory would soon be eaten away. 
Consequently, experience shows that in such cases, in order to be 
on the safe side, it is better not to send to the boilers the condensed 
water from the second compartment of a multiple effect. In such 
a case considerable fresh water is needed for the boiler feeding. 
As a general thing, very little effort is made at epurating the fresh 
feed waters. When there is a deposit in the boiler the purge cock 
is opened and the mud, etc., is blown off with the escaping water. 
SrunZER ! insists that the condensed water from the multiple effect 
that is obtained on Sunday, after cleaning the apparatus with 
hydrochloric acid, should not be returned to the boilers. 

Sugar in boilers——The sugar which is sometimes contained in 
the condensed water, even in extremely small amounts, affects 
the boilers. The damage done to boilers by sugar may be of two 
different kinds, either chemical or mechanical, the nature of the 
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injury depending upon the quantity of sugar present. If it is in- 
troduced little by little during the water feeding, it decomposes more 
or less rapidly, forming acids of various kinds without any appre- 
ciable separation of the solid products of decomposition, these 
changes depending upon the temperature of the water in the boilers. 
However, if a large quantity of sugar enters the boiler it will burn 
on the hottest portions of the tubes with which it comes in contact, 
and there will be formed deposits of porous carbon, the thickness 
of which increases to such an extent that the iron under them be- 
comes incandescent and blisters on the outside, owing to the inner 
pressure. Even when the deposit is only a few millimeters thick, 
the strength of the plates is affected. These difficulties evidently 
diminish with tubular boilers. No matter what the deposits are, 
they always cause a decreased efficiency of the appliance, as, when 
the section is reduced, the circulation is lessened, but in tubular 
boilers there is less danger of an accident. 

This sort of boiler deterioration from the use of water contain- 
ing sugar in solution is very rapid, the transformation being ap- 
parent even after a few hours if large quantities of sugar are present. 
The only remedy is the immediate stoppage of the entire boiler bat- 
tery, or at least the use of a blow-out in the boiler containing the 
sugar. The higher the pressure in the boiler the greater will be the 
rapidity of the sugar decomposition, and for this reason the general 
surveillance should be more careful in high-pressure boilers than 
in those having a low pressure. The sugar complications in the 
boiler are slight when the proper precautionary measures are 
taken to prevent sugar losses in the multiple effect, and when the 
condensed water from the reheaters and that from the vacuum pan 
are not used for feeding the boiler. The reverse is the case when 
irregularities occur in the working of the evaporating apparatus 
or vacuum pan, whereby the vacuum disappears, or, when the pres- 
sure in the juice compartment becomes the same as in the steam 
chamber because of a leaky tube or a coil, the juice mixes with 
the condensed water with which the boiler is fed. When such ir- 
regularities exist, the sugar percentage of the water should be de- 
termined, first by the taste and then by regular laboratory exam- 
inations; and when the presence of sugar is demonstrated, fresh 
water must be resorted to for boiler feeding. This change should 
be made with the least possible loss of time. In many factories 
no provisions are made for such an emergency, and all the connec- 
tions with the boiler tank must be closed, and the tank itself emptied 
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through a large bottom valve before the pure fresh water is drawn 
into it. 

The second kind of boiler deterioration caused by the sugar 
in the water is of a chemical nature, as the acid formed by the de- 
composition of sugar attacks and corrodes the iron plates. ‘The 
nature and extent of this corrosion depends upon the quantity of 
sugar present and upon the steam pressure—that is to say, upon 
the temperature—and finally upon the period during which the 
action lasts. The higher the temperature of the water in the boilers, 
the greater the rapidity with which the sugar is transformed into 
acids. Consequently, if the pressure in the vacuum pan does not 
generally exceed two atmospheres, the sugar is decomposed very 
slowly; but in a pan where the pressure reaches 6 atmospheres 
(164° C.) the decomposition is rapid, and the acids formed have a 
pronounced and rapid corrosive action on iron at that temperature. 

It is impossible to prevent small quantities of sugar from find- 
ing their way into the boilers during the manufacturing campaign. 
In order to prevent their destructive action, according to CLAASSEN, 
the water fed to boilers should be kept alkaline by the addition of 
soda, and this alkalinity should be regularly determined after each 
change of watch and for each boiler. The alkalinity should not be 
very high, as otherwise the water in the boiler will be frothy. The 
most desirable alkalinity is that corresponding to 10 cc. of tenth 
normal acid for 100 ec. of water in the boiler. For this test, rosolic 
acid may be used. If this alkalinity decreases, it shows that sugar 
is dissolved in the water, the quality of which may be calculated 
upon the basis that 0.0114 gram of sugar neutralizes 1 cc. of an 
alkaline tenth normal solution, or 2 kilos of sugar will saturate 
1 kilo of sodic carbonate. 

It is absolutely necessary to separately examine the water in 
each boiler, as the conditions are not the same in every case; for 
example, one boiler may have been fed just at the time when the 
water used had the greatest sugar percentage. When the steam 
generated has a slight odor of decomposed sugar, or when it shows 
signs of coloration or is frothy, the water should be tested. Une 
fortunately, when the odor becomes noticeable, it is too late to 
entirely overcome the difficulties which arise from the decomposed 
sugar finding its way to the machinery, where it obstructs the work- 
ing of the valves, the oils no longer lubricate, and numerous other 
difficulties arise. 

CLAASSEN says that a pronounced coloration of the water for 
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boilers is not objectionable, provided the water is alkaline. A 
slight layer of lime upon the boiler plates will offer a protection 
against the action of sugar; and such deposits may be said to exist 
in all boilers, because, when the sugar campaign commences, and 
also on Sundays during the cleaning of the multiple effect, the 
* boilers are fed with ordinary water. ‘This protective action, how- 
ever, cannot be depended upon entirely, for the reason that the 
lime may become gradually detached from the iron. According to 
CLAASSEN, the rules for preventing the destruction of boiler plates 
may be summarized as follows: 

(1) The exclusive utilization of the condensed water from the 
evaporating appliances for feeding boilers, and testing this water to 
determine its sugar percentage, especially in cases where the vacuo 
is not normal in the appliances from which it has been taken. 

(2) The maintenance of a specified alkalinity of the water of 
the boilers by the addition of soda, and the regular examination 
of each separate boiler. 

(3) To isolate at once any boiler of the battery in which there 
is evidence of a pronounced acid reaction, or in which excessive 
frothing exists. 

(4) To test at once the water of the boilers when the slightest 
characteristic odor of burnt sugar is perceptible, or when a pro- 
nounced dark coloration is shown in the water gauges. 

(5) To feed the boilers, before the sugar campaign begins, with 
ordinary water that will yield a calcareous deposit, so as to obtain 
a thin protective layer of this substance. 

(6) At the beginning of the campaign, the waters of conden- 
sation must not be utilized for boiler-feeding unless they are per- 
fectly limpid. 

When the sugar in the boilers reaches considerable proportions 
they are emptied one after another. The fires in each case must 
be successively extinguished, and all the brick work thoroughly 
cooled, before the water is run off. The inner cleaning will be neces- 
sary only in case the sugar issue has been too long neglected. If 
the arrangement of the boilers does not permit of their entire 
emptying, the water is simply allowed to gradually escape, re- 
placing it by fresh water, without making any important change 
in the inside pressure. When all the sugar has been eliminated 
the work goes on as usual. 

Fatty and oily substances in boilers.—Waters of condensation, 
obtained by the condensation of exhaust steam from the machines, 
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generally contain lubricating oil. As oils or fatty vegetable or 
animal substances decompose in the hot water of the boilers into 
free fatty acids which attack iron, the use of such oils should be 
excluded. The cylinders of the pistons should be lubricated with 
mineral oils, some of which consist of pure hydro-carbons, and cannot 
give rise to the formation of acids. They have, however, an objec- 
tionable action upon boiler plates when present in large quantities, 
as they may form viscous flakes with the deposits which all waters 
contain. These flakes deposit upon the tubes, and thus decrease 
their power of heat transmission to such an extent that the water 
will not prevent the tubes from becoming red-hot. One may, in 
a measure, overcome these difficulties by using large reservoirs, 
with a suitable overflow, as waiting tanks. The oil that is finely 
distributed in the water has time to rise to the surface, and may 
be eliminated by the surface flow. 

It has been suggested, on account of the grease contained in 
them, that the condensed waters from multiple effects be filtered 
through some substance before being fed to the boilers; but this 
plan has been introduced into comparatively few beet-sugar face 
tories, as the expected results were not obtained. The only prac- 
tical method is to insist that the lubrication shall be more carefully 
conducted. ‘The oily flakes before mentioned are objectionable 
from another point of view, as, before being deposited, they float 
either upon the surface or in the water, and obstruct the water 
gauges, stop cocks, etc. In order to overcome this difficulty, 
CLAASSEN has proposed to place in the boiler, and on the bottom of 
the boiler plate, a piece of sheet-iron, bent so that it will be in a 
vertical position before the tubes of the water gauges, with its 
lower portion reaching the fire tube and its top nearly touching 
the upper surface of the boiler. Under these conditions there will 
be a space, in part of the tubes, in which the water will be com- 
paratively at rest, and the mud that penetrated beneath will be 
again deposited at the bottom, while the oily combination cannot 
reach the upper portion, even when the contents of the boiler are 
in a frothy condition. 

Heat economizers.—In most industries, efforts have been made 
to utilize in one form or another the heat lost in the flues, but com- 
paratively little has been done in beet-sugar factories in this direc- 
tion. The appliances used are termed economizers. Before the 
hot gases are allowed to escape into the chimney, they are made 
to circulate between the tubes of the reheaters. This does not 
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mean a considerable economy of steam, because the feed water 
in the sugar factories is already heated almost to the boiling point. 
The best method for heat-saving, and consequently the ultimate 
economy of fuel, is to have all piping through which the steam 
circulates well covered with some insulator or calorifuge, and to 
have a rational plan of steam utilization. 


CHAPTER II. 
STEAM ENGINES AND CENTRALIZATION OF MOTIVE POWER. 


Expansion or full admission.—What constitutes the best steam 
engine for a beet-sugar factory is by no means a settled question. 
Some authorities claim that the engine should be of the most im- 
proved type; but there are many arguments to show that very 
simple engines, such as have been in vogue for a long time, answer 
the purpose. 

The amount of heat required for the production of exterior work 
—not only that which is needed for actual work, but what is neces- 
sary to overcome also the resistance due to friction—should be 
calculated upon the basis of the caloric laws. CLAASSEN offers 
some interesting arguments upon this question. He says that, for 
the production of one horse-power in the cylinders, about 1.18 kilos 
of steam are condensed per hour. Besides this outside work, the 
steam must accomplish an amount of work, the outcome of expan- 
sion, which varies greatly with different machines. In the low- 
admission machines, the work resulting from expansion is produced 
only on the side of the exhaust of the steam cylinders, while, in the 
expansion machines, it occurs simultaneously on both sides of the 
piston. Consequently the percentage of heat losses is consider- 
ably greater in the improved expansion engines than it is in full- 
admission engines; on the other hand, for the same exterior work, 
the losses are evidently less, for the reason that the total steam 
consumption is less. CLAASSEN points out that the heat losses 
during the working of 100 kilos of beets, expressed in kilos of steam, 
may be calculated as follows: 


Kilos 

Through cooling anvthe pipes. ee ee 2.1 
Through cooling in steam cylinders........... 1.5 
Through the production of work on the engines 1.2 
Through. the expansion. of. steam: 25.2 ee 1 
Totalloss 7.0. eens ee 5.3 
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This loss represents about 15 per cent of the steam used by the 
machines, and is only 0.5 kilos more than it would have been with 
improved types of expansion engines. These losses were formerly 
considered to be much higher. JELINEK claimed that, with the old 
types of steam engines, as much as 30 per cent of the weight of 
steam introduced into the cylinders could condense during the 
work of expansion. The experiments of ERNoTTE! seem to show 
that the losses of heat caused by the passage of steam from the 
pressure of 4.5 atmospheres to one atmosphere is 6.8 per cent. 
This loss is directly proportionate to the extent of the expansion 
—it would be 9.4 per cent if the steam were to expand from 5 
atmospheres to 0.5 atmospheres. 

In the experiments of Hirn? on the condensation of steam 
through the interior working of expansion, a closed cylinder is 
used, having glass at either end and two cocks, one for the intro- 
duction of steam and the other communicating with the exterior 
air. If both cocks are opened it is found, by watching the con- 
ditions through the glasses, that the steam is perfectly transparent 
and may be compared to gas. If the two cocks are closed, the con- 
ditions remain unchanged; but if the exit cock is opened, a cloudy 
aspect will immediately develop, which is apparently the result 
of heat absorption—the necessary result of the expansion. This 
same authority maintains that when dry steam passes from one 
receptacle to another where it has less tension, and where the cir- 
culation is accomplished without doing any work, there follows a 
superheating which increases with the difference of tension. 
VRANCKEN®? points out that according to this law the exhaust 
from steam engines with full admission should become super- 
heated, and, if this is not noticeable, it is because the steam con- 
tains small quantities of water that must be evaporated before 
there can be any superheating. When the receptacle is in com- 
munication with the atmosphere, there is produced an exterior 
compression of the air, necessarily followed by a rise in tempera- 
ture of the air that has been compressed and a loss of heat in the 
expanded steam. 

When the exhaust steam of an engine forces back the steam 
filling the exhaust pipe and the exhaust collector, the heat lost by 
the expansion of the first is taken up by the second, owing to 

1 ERNOTTE, Combustible, 48, 1899. 


2 CaAMBIER, Combustible, 7, 1892. 
La S. B., 31, 479, 1903. 
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the effects of the compression to which it has been submitted. 
It is concluded that there are no heat losses. It is claimed that in 
sugar factories no caloric is lost through expansion of steam, and 
that the only heat losses are those necessary for the accomplish- 
ment of mechanical work and those due to radiation. Instead of 
a condensation of 2.5 kilos of steam per sq. m. and per hour, as 
given by CLAASSEN, VRANCKEN! maintains that the steam losses 
are 4.3 per cent, the losses through radiation being 3.7 per cent, 
and that the exhaust steam from the engines gives for evaporating 
purposes 90 per cent of the steam furnished to them. This same 
authority argues that the expansion at the beginning of the 
admission does not mean the slightest heat loss, for the reason that 
the work of the expansion performed by a portion of this steam is 
compensated for by an equivalent work of compression on the 
other side. | 

CLAASSEN says that the substitution of the modern expansion 
machines for the ordinary full-admission engines is never profitable 
for the beet-sugar manufacturer, for the reason that the economy 
of steam thus obtained represents only a few hundred dollars, while 
the purchase of the engines in question requires a considerable 
outlay. Important advantages are, however, realized when one 
large engine is substituted for many small ones, as there is then 
not only a saving of steam for the machines, but at the same time 
there is a decrease in the heat losses in the piping, which is very sim- 
ple in construction and is shorter. VRANCKEN and numerous other 
authorities agree that the steam engines used should be most 
simple and need very little care; in other words, preference should 
be given to full-admission slide-valve engines. The most improved 
type of modern steam engine will economize only few calories as 
compared with the simpler apparatus, which, when all calculations 
are made, is the equivalent per diem of 100 kilos of coal for a 325- 
ton slicing plant. It is important that the exhaust steam obtained 
should not be in excess of what is needed, and that it should not be 
allowed to escape freely into the air, a clear loss involving a waste 
of coal that amounts to quite a sum during a hundred-day cam- 
paign. For these reasons, old engines working with regularity 
should be replaced by new ones only in cases where the exhaust 
from the machines is in excess and cannot be entirely utilized dur- 
ing the evaporation of the juices, etc. 


1 La S. B., 31, 482, 1903. 
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VRANCKEN recommends that, in order to obtain just the amount 
of exhaust steam needed, the most simple expansion engine be 
used, such as the Mrymr type, regulated by hand, and arranged so 
as to allow a three-tenths admission. By changing this admission 
with the variating pressure in the boilers, this machine may be 
made to work with great regularity. First of all, one should en- 
deavor to reduce the steam consumption by giving to the ordinary 
steam engine the same care and attention as is given to the more 
perfect machine. The seats of the slide-valves should be well 
planed, the slide-valve itself should be exactly adjusted, the pack- 
ing of the pistons made perfectly tight, and the engines regularly 
tested with the indicator. It is evident that the use of expansion 
and compound engines with a condenser is not at all advisable in 
beet-sugar factories, and may actually be considered as a wasteful 
arrangement, for the reason that in such machines the heat of the 
exhaust steam cannot be utilized for evaporation, and, such being 
the case, the heat losses are greater than they are with the old 
types of steam engines. 

Centralization of motive power.—There are comparatively few 
beet-sugar plants that have exactly the kind of engine needed. 
the theories on the subject, as shown in the foregoing, being very 
contradictory. CAMBIER suggested that the heat losses might be 
overcome to a great extent by the use of one central steam engine 
giving all the power needed for the shafts, pulleys, belts, etc., of 
the factory. But practical experiments that have since been made 
do not encourage the adoption of this plan, as numerous complica- 
tions result. Many of the machines of a sugar factory work irregu- 
larly, and for them all to depend upon a central one does not meet 
the requirements. For example, in the lime kilns the activity of 
the gas pump depends upon the activity of the kiln, the filtering 
-efficiency of a filter press, and the workings of the scum pumps vary 
also to a considerable extent. In the modern installations, centrali- 
zation of the machines is always introduced to some extent. How- 
ever, a single central engine, upon which all the motive power and 
pumps of the factory depend, should not be used. The introduc- 
tion of the suitable transmission shafting, etc., necessitates a cone 
siderably greater money outlay than when several machines are 
used to accomplish the same purpose. 

CLAASSEN also makes the point that the general security of the 
work is greater with several machines than with one upon which 
everything depends. From many points of view, exception might 
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be taken to this assertion. Without doubt, the essential condition 
for the successful running of a beet-sugar factory is regular working. 
Each perturbation means considerable loss due to increased cost 
of manufacture, the prolongation of the campaign, and the result- 
ing sugar losses. A beet-sugar factory with less modern steam en- 
gines, which work without perturbation and with proper utiliza- 
tion of the exhaust steam and apparatus, will always yield better 
results than one having steam engines with all the modern appli- 
ances, when these do not permit, owing to certain irregularities 
that may occur, the entire utilization of their productivity. 

Experience in several factories coming under the writer’s notice 
points to the fact that frequent mistakes are made in estimating 
the economy of the central-engine arrangement. It means a 
greater money outlay than is generally supposed. It should always 
be remembered that the transformation in the general arrangement 
of a factory necessitates altering other installations, if the advan- 
tages offered by the new apparatus are to be fully utilized. For 
example, the centralization of the engine installation generally 
demands a new arrangement of the boiler battery; it involves a 
reduction in the volume of the exhaust, and a corresponding trans- 
formation in the evaporation. All these details increase consider- 
ably the cost of such changes. 

Electrical power.—The centralization of power has made great 
progress since the electrical transmission of power has become 
practicable. Numerous complications arising from long shafting, 
etc., have been largely eliminated, and, furthermore, the plans of 
the factory may be changed at far less cost than in the case of the 
centralization of an engine. Certain French factories visited by the 
writer, such as EscauporUVRES and Mravx, have introduced 
these electrical innovations. Among the most important applica- 
tions of electricity in sugar factories may be mentioned the working 
of pumps, lifts, lime crushers, crystallizators in motion, and, more 
recently, centrifugals. Under another caption, mention was made 
of the possibility of recuperating by polyphased currents a portion 
of the inertia incurred in the use of brakes when the motion is re- 
ceived through belting and pulleys. 

For many years it was claimed that the transmission from a 
distance always involved a considerable loss of power, absorbed 
in different ways. ToURNEUR,! discussing transmission by belting, 
says that it always causes a loss of 20 per cent, and that as a gen- 
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eral rule a loss of from 30 to 40 per cent of the total power given 
results. On the other hand, through the use of improved high- 
tension engines, great perfection has been attained through elec- 
tricity. BRUNSWIcK’s data on the subject are as follows: 

For 10 kilowats ( 13.5 HP.) the efficiency is 70 to 80 per cent. 

For 30 kilowats ( 40 HP.) the efficiency is 87 to 89 per cent. 

For 50 kilowats ( 65 HP.) the efficiency is 90 per cent. 

For 100 kilowats (1835 HP.) the efficiency is 91 to 93 per cent. 

Furthermore, with electrical transmission of power, the ar- 
rangements of the steam engine may be much simplified. At the 
Meavx factory, LAvAu turbine wheels are used, and in a very small 
space an enormous power may be obtained. An electrical instal- 
lation permits of numerous alterations at very little expense, and 
is easily operated. | 
Low-temperature engines.—Of late it has been proposed to 

utilize more of the waste heat from the numerous stations of the 
factory. It must be noted that most of this lost heat is at a too low 
temperature to produce steam at sufficient pressure for the engines. 
On the other hand, other liquids with lower boiling temperatures 
can be brought to a high pressure by this lost heat, and can trans- 
form this caloric energy into dynamic energy. It has been suggested 
that ether or sulphurous acid be used for this purpose, and that 
liquid anhydrous sulphurous acid be vaporized in a special tubular 
boiler through which circulate the vapors from the last compart- 
ment of a multiple effect; an air pump draws off the air and con- 
densed water. The sulphurous vapors produced by watery vapor at 
60° C. would have a pressure of 9 to 10 atmospheres, and with the 
vapors from the vacuum pan a pressure of 18 atmospheres could 
be obtained. The condensation of the sulphurous acid offers no 
difficulty. The motor to be used is made of bronze, or of a special 
iron which is not attacked by the chemical so long as it is not com- 
bined with air. ‘The general shape is that of an ordinary steam 
engine, but with very wide admission parts. The piston rod alone 
needs lubricating, as the anhydrous sulphurous acid does its own 
lubricating in the cylinder. StTErren! claims that such motors 
will not result in the economy expected. On the other hand, he 
favors an extended trial of the plan on a large scale in sugar re- 
fineries working the entire year. It would not be surprising if in 
a few years these low-temperature motors should find a very gen- 
eral application in beet-sugar factories. 


1C., 11, 909, 1903. 





CHAPTER III. 
HEAT LOSSES. 


Sources of losses.—Besides the economy that may be effected 
in boilers and engines, there are numerous other centres in the fac- 
tory where an important saving is possible. Common sense should 
be used in regard to the employment of the exhaust steam in the 
multiple effect and in reheaters. The question of loss of caloric 
from coal long exposed to the open air was doubted, but the fact 
is now proven beyond cavil. Hence it is not desirable to allow 
it to accumulate in the yards of the sugar factory if it is to remain 
there for a period of months. Fayou has proved that the phe- 
nomenon in question arises from an oxidation of the carbon. Mau- 
LER ! is of the same opinion, and demonstrates that the calorific 
power may be diminished by 20 per cent during long exposure. 
Experiments seem to show that this loss is greatest with soft coal, 
as the anthracite coal does not undergo these changes to the same 
degree. 

One of the most important sources of heat loss in the factory 
is radiation. ‘The extent of these heat losses from cooling in the 
pipes depends upon many circumstances, but mainly upon the 
length of the pipes, the kind of isolating calorifuge used, and the 
difference of temperature between the steam and the exterior air. 
The reduction and simplification of the steam piping and covering 
the pipes with non-conducting material will contribute towards 
decreasing the heat losses. The high-pressure pipes will throw off 
more heat than those of low pressure, as, for example, the pipes’ 
connecting with the exhaust. In the cylinders of the steam 
engine, which cannot be covered, there are greater losses per unit 
of surface through cooling than occur in the piping. However, as 
their total area is not very great, these losses alone cannot be very 
extensive. 
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The leading authorities do not agree as to the amount of the 
losses through radiation. Some claim 2.5 and others 5 kilos of steam 
per hour and per square meter of the exposed metallic surface. 
‘The steam pressure has much to do with these variations, also 
the ambient temperature and the thickness of the metal. The 
experiments of Pasqur! show that for steam saturated at 100° C., 
or 172° C., also for superheated steam at 250° C., the respective 
losses are 673:1612:330. CmRNY and HaunER? have calculated 
the total heat lost through radiation in a 235-ton plant as amount- 
ing to an equivalent of 4.5 tons of coal, or 2 per cent of coal, not 
including the losses through the piping. ‘This could be reduced by 
one-half through the use of some isolating substance. ‘The experi- 
ments on the same lines by Pokorny are equally interesting. The 
calculations into which he enters are very intricate, and include the 
losses through radiation in the pipes, etc. He concludes that this 
total is 17.67 kilos of steam per 100 kilos of beets sliced. If it is 
supposed that 7 kilos of water are evaporated per kilo of coal, this 
means a loss of 2.5 per cent fuel. 

PoKORNY mentions a number of ways of reducing these losses. 
Most of them are known, but are given concisely. All steam pipes 
should be as short as possible; apparatus should be single, and not 
double, when such is possible, as there is then less radiating surface; 
the diameter of the piping should be within a fraction of what is 
needed, so as to prevent unnecessary losses. Not only the steam 
pipes, but also those for the juice and hot-water pipes should be 
protected by a calorifuge—not a cheap isolator, but the very best 
product the market can supply. Neither the steam nor the juice 
should ever be at a higher temperature than is absolutely neces- 
sary, for the reason that the losses through radiation are then 
proportionately increased. 

If the condensed-water purgers get out of order a considerable 
heat loss results. It is very difficult to prevent leaks in these valves, 
and necessarily both the hot water in question and also steam 
escape into the air. This difficulty is not readily overcome, and 
when it is discovered the purger should be unmounted and repaired. 

Carbonatation is also responsible for important heat losses. The 
caloric removed by the lime-kiln gases is inversely proportional to 
their temperature; that is to say, the hotter the juice, and the 
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cooler the carbonic-acid gas, the greater will be the heat carried off. 
When conducting this operation at a lower temperature, the diffi- 
culty may, in a measure, be overcome. It remains always to be 
decided from a practical standpoint just within what limits this 
idea may be applied. The steam-froth arrestors are frequently 
abused. If the perforations of the steam distributors are too large, 
there will be a useless expenditure of steam, and consequently of 
heat. It is during the diffusion that the heat losses are the greatest ; 
for the residuary water from the cossettes is frequently at a tem- 
perature higher than 40° C., and one may imagine how much 
caloric this vast volume of residuary product must retain. If it is 
to be handled in a BurTrneR and Meyer dryer, the heat stored 
up in the exhausted slices is a gain for that operation, and the 
actual loss is consequently reduced. Upon general principles, it 
may be said that the water used in a diffusion battery should be 
heated with steam that would otherwise be wasted. In certain 
factories visited, the diffusor is washed with cold water, and so much 
caloric is thus economized. . 

Fuel consumption.—One of the most important problems in 
beet-sugar manufacture is how to save coal. As has been shown in 
the foregoing, attention given here and there means an important 
saving when the whole campaign is considered. Just how much 
coal should be used cannot be stated, as it depends upon so many 
factors, such as the saccharine quality of the beets, the process of 
manufacture, local conditions, kind of fuel used, etc. One fact is 
certain,—by comparing the averages from year to year, it is shown 
that the coal per 100 kilos of beets worked has considerably de- 
creased. ‘Twenty years ago, some plants in France consumed 500 
per cent of the weight of refined sugar made, and an average of 250 
per cent was considered most satisfactory. Now this average has 
fallen to 114 per cent. 

When one compares the data furnished by French official statis- 
tics,! it is shown that, owing to the gradual disappearance of the 
poorly maintained and smaller factories, the coal consumption 
during the campaign 1889-90 was only 20 per cent of the weight 
of the beets sliced, while in 1901-02 it fell to 12.8 per cent. Unfor- 
tunately, these figures cannot be compared with those of Germany, 
—for example, where the fuel consists of most varied substances, 
such as peat, lignite, etc.,—and therefore it is better to base the com- 
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parison upon the steam consumption. CLAASSEN estimates that, 
when a beet-sugar factory uses in steam 57.4 to 62.6 per cent of 
the weight of beets sliced, it is working under excellent conditions. 
If this be reduced to coal, admitting that a first-class modern boiler 
is used, it equals 7 kilos of coal per 100 kilos of beets, or 70 kilos per 
ton. This limit is very difficult to reach. The calculations of 
Horsin-DEon! with a quadruple effect give 90 kilos. It is sup- 
posed, however, that there is considerable drawing-off from the 
diffusors. ABRAHAM? maintains that, through the use of the 
GREINER-PAULY apparatus, the coal consumption may be reduced 
to 75 kilos. 


1 Horsin-Dnon, Traité, II, 2, 887, 1900. 
2? ABRAHAM, Dampfwirtschaft, 117, 1904. 
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PRACTICAL WORK OF A BEET-SUGAR- FACTORY 


CHAPTER I. 
HIN’'S RESPECTING GENERAL MANAGEMENT. 


Personnel.—A beet-sugar plant of the most recent design and 
satisfactory beets are not the only conditions necessary for the 
profitable manufacture of beet sugar; certain practical essentials 
must be assured. There must be one head to the entire organiza- 
tion, and from him should come the orders, thus avoiding con- 
fusion either in the practical or technical working. Unfortunately, 
there is always a certain rivalry between the chemist of the labora- 
tory and the overseer who has charge of the various stations of 
sugar extraction. Experience shows that, when the chemical ex- 
aminations reveal faulty methods of working, the changes to be 
made should not be ordered directly by the chemist, but through 
the overseer, whose duty is not to make regular rounds at gi en 
hours, but to move about the factory. This keeps all stations con- 
stantly on the alert, and in the intervals special attention may be 
given to some station that is not up to the standard. It is generally 
during the night that there is neglect at some station of the juice, 
syrup, etc., manipulation. During the cold winter, the tendency 
of the hands is to find some warm spot, such as in the boiler room, 
near the lime kiln, etc. Whenever there is a change of watch, the 
new gang should find all in a perfect condition of cleanliness, and 
not be obliged to gather up the dirt left by their predecessors on 
operations only half completed. It is often found advantageous 
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No station of the factory demands greater activity than the 
diffusion battery; the higher its efficiency the greater will be the 
ultimate quantity of sugar extracted. The battery man should be 
young, and rapid in his movements in the handling of the numerous 
valves at the right moment as any inattention or slowness would 
cause a considerable loss. ‘The battery man should have three 
assistants, one to close the upper cover, another to force the cos- 
settes to pack well into the diffusor as they fall from the distribut- 
ing hopper, and one underneath the'diffusor to watch the opening 
and closing of the bottom door. The slicer man should be in con- 
stant touch with the assistant who has charge of the filling, so as 
to signal at just the right moment that the diffusor is full and no 
more beet slices can be added. This signalling should be carried 
one step further: if the slicer is full of beets, the person in charge of 
the hydraulic carrier should be informed, so that the delivery to 
the slicer may be lessened. 

For a beet-sugar plant handling 400 tons of beets per diem, not 
less than 40 men per shift are necessary inside of the factory; in 
the yards, etc., at least that many more. For the first and second 
carbonatation, each man can handle three tanks; for the first and 
second filter presses, a head man, with four assistants for emptying 
the frames of their scums and for their handling are needed; one 
filter press should always be ready with fresh filtering cloths. The 
triple-effect man should be active, and thoroughly understand the 
apparatus, the construction of which varies considerably. Where- 
ever it is possible to do so, the pan man should be changed after 
each strike; it is a mistake to make a change at fixed hours in ad- 
_vance, for each pan man should bear the responsibility for the strike 
he has started. | 

Hints respecting appliances and working methods.—It is self- 
evident that the cossettes upon leaving the diffusors should be 
thoroughly exhausted of their sugar, and the general operation of 
the battery should be such as to allow rapid working, providing at 
the same time for the necessary contact. With the circulating 
water, there should be a maximum sugar extraction. In order to 
obtain this extraction the cossettes should be very fine and regular, 
and this can be obtained only by well-mounted and sharpened 
slicing knives. ‘The velocity of the revolving disk holding the 
knives has also a very important influence. The heating of the bat- 
tery should not be pushed to excess, otherwise the beet slices will 
be cooked. If, on the other hand, the temperature in the diffusors 
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is not sufficiently high, the sugar will not be exhausted. In most 
communities 75° C. is considered a good average. The diffusor 
that is about to be emptied should not be heated, and from it to 
the head there should be a regular increase of temperature. The 
filling, mashing, drawing off, and emptying operations should all 
be performed with equal care, keeping two diffusors inactive, that 
is to say, with no juice circulating in them, one being filled while 
the other is being emptied; the latter operation should be finished 
before the former. 

Upon general principles, it may be said that the density of the 
diffusion juice is 14.5° Brix at 15° C. On the other hand, with 
beets of high polarization this density increases, and may reach 
15.5° Brix. During the entire working of the battery, samples of 
the exhausted cossettes should be constantly examined in the 
laboratory, and a careful record kept for future reference and for 
the technical compatibility. As regards drawing off, experience 
shows that the best results are obtained by keeping this volume 
nearly constant for each diffusor. This question is for the overseer 
to decide, and cannot be left entirely to the battery man, as there 
are many issues upon which the volume of juice depends. 

The measuring tank should always have an automatic indi- 
cator, showing exactly what the volume is. The volume of juice 
to be drawn off may vary from 100 to 110 litres per 100 kilos of 
beet slices contained in the diffusor. The liming of beet juices also 
demands considerable attention, and should not be neglected. 
The quantity of lime added to the juice must be known and de- 
termined in advance. The Baumé degree of the milk of lime should 
be watched, and the density in question should be nearly constant. 
Special automatic appliances satisfactorily accomplish this work, 
and need very little care. The most desirable milk of lime indi- 
cates 18° Bé. Suitable tables may be used which show without cal- 
culation the amount of lime per litre; but it may be said that the 
milk of lime holds about as many per cent of lime as it shows de- 
grees Bé., that is, a milk of lime at 18° Bé. holds 18 per cent of 
oxid of calcium. ‘The limed juices from the waiting tanks, if from 
an upper elevation, enter the carbonatation tanks direct or they 
are pumped in. When these tanks are filled up to the gauge cock, 
the entrance cock and the top covering of tanks are closed, so that 
the resulting froth cannot run over the sides; the carbonic en- 
trance cock is then opened. When the alkalinity reaches about 
0.12 grams of lime per 100 cb. cm. the operation is completed; 
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during this operation, titrated paper should be constantly used, 
in, order to ascertain whether the operation is progressing under 
normal conditions. 

The froth forming on the surface is an excellent indication of 
how the operation is progressing; at first it has an abundant, thick, 
white appearance, then it settles and becomes gray. Samples 
should be taken and examined in a suitable spoon, as the aspect 
of the liquor gives very valuable and practical indications. There 
is a decided deposit, and the liquor on top is of a light-yellow hue. 
The generally adopted mode to-day for conducting the carbonata- 
tion is not to push the temperature beyond a certain limit, and not 
to boil. Frothing may be kept under control by the use of fatty 
substances or oil. 

The overseer has to see that the carbonatation tanks are filled 
and emptied always in the same order. Furthermore, while in 
most factories two gas valves are open on the carbonatation tanks, 
one wide gpen and the other only a trifle, two or more valves should 
never be wide open, as it would delay the carbonatation in all 
tanks, and there is no advantage in having two or three tanks 
ready at the same moment. 

By examining the scum cakes, the duration of carbonatation, | 
the facility with which the juices are filtered, it is very easy to 
ascertain whether the carbonatation and the liming are made 
according to prevailing rules. A short duration of carbonatation 
indicates a shortage of lime. ‘Too long a duration would, on the 
other hand, prove either that too much lime has been added, or 
that something is out of order in respect of the carbonic-acid gas. 
As to the latter, it can be that the gas is poor, and the defect will 
be found in the lime kiln, or the distributors are clogged, or, again, 
the chimney for escaping gases has become obstructed with lime- 
carbonate deposits. 

When the filter-press scums are pasty and dark in color, tco 
little lime has been added; when dark, but reasonably dry, the 
juice has been oversaturated. Withnormal limed and carbonatated 
juice the cakes are bright in color, with a little yellow hue, and 
present a dry aspect when they are broken. Juices handled with 
an excess of lime have a chalky, dry appearance. When limed, 
but not carbonatated, juice has been run into the presses; or, when 
non-carbonatated juice has been mixed with carbonatated, the scums 
have a chalky and pasty aspect. Such cases can readily be de- 
tected by the foam that is formed upon the juice in the exit gutter 
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of the filter-presses. This excess of lime can result from a false 
manceuvring, or from leaks in the valves of the carbonatation tanks, 
which should be ascertained immediately. 

A great stress should be laid upon cleanliness in the filter- 
presses plant. The frames must be handled gently, so as not to 
injure the cloths. The amount of water to be used for exhaustion 
of the cakes should be indicated by the overseer according to the 
chemist’s analysis of scums. 

The lime kiln should be looked at repeatedly, especially in 
factories desugarizating their molasses by the separation method. 
It must be remembered that the higher the temperature in the 
hot zone of the kiln the greater will be the coke economy. ‘This 
is, however, limited by the facts (1) that the burned lime must 
remain porous, (2) that it should be cold upon leaving the kiln, 
and (3) that the escaping gases should be at a reasonable tempera- 
ture. 3 
In factories using the PAuLY-GREINER system of evaporation, 
the fore-evaporator should be kept under a constant pressure. In 
the different sections of the multiple effect, the normal conditions 
of vacuo should always prevail, as otherwise it would show either 
that a great volume of steam is escaping through the ammoniacal 
pipes to the condenser, or that the condensed-water pumps do not 
work correctly. The level of juice in the compartments should be 
kept constant to reach the highest efficiency of the apparatus, and 
the syrup should always be drawn off at the standard density. 

The sulphitation and alkalinity of syrups should—just as in 
the first and the second carbonatation—be controlled at every 
instance by the overseer, or by the chemists in the presence of the 
man in charge. By putting one’s hand on the sulphur furnace, 
or by opening a little cock, it is easy to find out whether the furnace 
is burning or not. It is advisable to verify often whether the 
safety valve of the sulphurous-acid pipe is not leaking. The pro- 
gress of each strike should also be followed by the heads of the 
factory. As a rule, the superintendent, the chemists, and the over- 
seers should understand enough about graining so as to detect any 
mistake during this operation. It keeps the sugar boiler on the 
watch. Room must always be cared for at least one or two hours 
before ending a strike, as sometimes the work of the pan could be 
checked by a massecuite slow to pass through the centrifugals. 

The centrifugating must be watched more than any other 
stage of manufacture when the molasses are not swung out readily. 
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To overcome the difficulty many expedients may be resorted to, 
as to heat up the drum of the centrifugals, to heat the massecuite 
in the crystallizators, to add hot and diluted molasses, or, again, 
to centrifugate only half loads of massecuite, but water should 
only be resorted to in case of absolute necessity in an emergency. 
The belts should be well stretched to prevent them from falling 
off and to avoid the pauses in the work. The room of the centrif- 
ugals should be kept as clean as possible. 

The same cleanliness should prevail in all subsequent manipu- 
lations of the sugar. The scales for weighing the bags should be 
cleaned as often as necessary, even several times a shift with some 
systems, as it is very important to have the correct figures about 
outgoing sugar. The bags should be of an amply good quality, to 
avoid losses during transportation and resulting discriminations. 
Mended bags should be particularly examined. Torn filter-press 
cloths and torn bags should not be thrown away, as they can be 
of use in the factory or can be sold. 

A good many points are also to be controlled in the boiler room 
besides those mentioned in the legal prescriptions, varying in each 
~ country. Much data should be gathered there to ascertain the con- 
ditions under which the working in the boiler room and in the 
factory is made. Among them may be cited the weight of the coal 
used, the volume of water evaporated, the weight of the slags, 
the average pressure of steam, the percentage in carbonic acid, 
the temperature of the gases at their entrance in the chimney, 
etc. If the pressure is kept as near as possible to the limit at which 
the safety valves blow off, and if the grates are cleaned at regular 
intervals, there should be no apprehension of a sudden drop in the 
pressure when a new strike is started. 

It is evident that too much care cannot be taken with the 
machinery proper, but it would lead beyond the scope of this 
treatise to enter into details on the subject. | 


CHAPTER Ee 
CONTROLS. 


General considerations.—The control of a beet-sugar factory 
is much more complicated than many suppose, on account of the 
numerous elements that must be considered. There is the direct 
control by all those technically interested in the manufacturing 
processes, for which no special rules can be established, as the 
conditions of the special environment in which each appliance or 
phase of the operation is being conducted should be met by certain 
modifications. There is the chemical control, the details of which 
must be found in numerous special works, as, notwithstanding its 
importance, it is outside the scope of this treatise. There is also 
the control by automatic recording appliances, and, last but not 
the least, the bookkeeping or clerical control. When the organiza- 
tion has reached a certain degree of perfection, these controls should 
each be the sequence of the other. 

Though the chemical surveillance may be considered as abso- 
lutely necessary, it must be understood that entire dependence 
cannot be placed upon it alone. Practical experience is an impor- 
tant factor in the case. The exterior appearance of the juice and 
the products will indicate at once the existence of some irregularity, 
and the difficulty may be remedied before the laboratory informa- 
tion is obtained. 

One of the first essentials in conducting a beet-sugar factory is 
to cultivate a practical eye for existing conditions at any and all 
times during the manufacturing campaign. Any irregularity, 
such as neglectful defecation, carbonatation, faulty working of 
steam engine, and losses of exhaust, is almost immediately de- 
tected by the practical man. 

Certain errors of appreciation may be made as to the manu- 
facturing process in progress, due to some perturbation, and in 
this case a sample of the juice, syrup, etc., sent to the laboratory 
may give some indication of the cause of the difficulty; but, as a 
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truly average sample is not obtainable, the conclusion drawn may 
sometimes be misleading. 

The best practical results in beet-sugar factories are reached 
when the superintendent of the factory and the chemist of the 
laboratory work together, the one helping the other, unless, which 
is frequently the case, the assistant superintendent is at the same 
time the chief chemist. Whatever be the arrangement for each 
special case, practical conclusions should be drawn from the chem- 
ical analysis, to overcome a difficulty when it occurs. It too fre- 
quently happens that, when the technical man is in a quandary as 
to the real cause of a difficulty, he will simply attribute it to the 
poor quality of the beets being worked, without making any effort 
to continue an investigation which may lead to a method for cor- 
recting some mistake, perhaps his own. There exist marked 
variations in the saccharine qualities of the roots from campaign 
to campaign, and even during the same season; but, generally, it 
may be said that beets that are not rotten or frozen may be han- 
dled in a sugar factory so as to give very satisfactory results. In 
some cases modifications have to be made in the methods of work- 
ing in order to obtain the results desired. Generally, the quality 
of the beets is not the real cause of perturbations in the factory’s 
running. It is usually when the campaign begins that the greatest 
irregularities occur; and these are not due to the non-matured 
beets, nor to their poor quality, but to mistakes, made by inex- 
perienced hands, which are not immediately detected by the super- 
intendent or the man in charge. 

Controlling appliances.—The appliances used for controlling 
the various Operations are very numerous. Many of them are en- 
tirely automatic in their working, some are only partly automatic, 
and others depend entirely upon the manipulation of the person in 
charge. The indications needed are very numerous, and if it were 
not for the expense entailed, it would be better if all variable ele- 
ments, however small, were recorded and kept under control. 

The data relating to the beets as they are received at the 
factory must be carefully noted. There are numerous automatic 
scales in use, all having certain advantages and disadvantages. In 
most of the factories the entire bookkeeping is based upon the 
weight of washed beets. 

When the weighing is done on ordinary scales, the count of each 
weighing is kept by means of pegs placed in holes corresponding to 
units, tens, hundreds, etc., or upon a blackboard with chalk. This 
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very primitive method still prevails in many factories, and is re- 
sponsible for numerous mistakes. The “Chronos,” and other auto- 
matic scales, should be in more general use than they now are. 
The weigher should have posted up in some prominent place the 
total weight of beets sliced since the new watch has been on duty. 
Under these conditions it is possible for the overseer to know just 
within what limits the factory’s running is up to the standard of its 
slicing capacity, and, if any irregularity is noticed, due precautionary 
measures may be taken before it is too late. An excellent method 
consists in keeping hourly records of all the factory’s data. A large 
blackboard may be used for this purpose. The hour indications 
are shown lengthwise, while the vertical lines refer to certain data 
of the working. Special marks are made on the hour line to indi- 
cate the stress placed upon certain data, and these are joined hour 
by hour. This diagrammatic representation is readily understood 
by all hands, who soon grasp the significance of an upward or down- 
ward curve. 

At all hours, night and day, efforts should be made to keep the 
factory running at its full slicing capacity. If, for one reason or 
another, there is a falling off, the difficulty must be overcome with- 
out delay. If the diffusion battery has come to a standstill, or the 
not-working diffusors are empty, then the beet slicer is not fur- 
nishing the cossettes with sufficient rapidity. If the battery’s cir- 
culation is stopped, and the not-working diffusors, as well as the 
measuring tanks, are full, then there is some difficulty with the 
carbonatation, and attention should be directed to it at once. If 
the carbonatation tanks are empty, then the fault lies with the 
battery. If, on the other hand, these tanks are full of carbona- 
tated juice, then the filter presses or pumps are not working, or 
possibly the second carbonatation or evaporating appliance is to 
blame, etc. 

The automatic control of the diffusion battery is effected with 
the Rassmus recorder (Fig. 222). This apparatus consists of a 
recording cylinder which makes one revolution in twelve hours. 
A pulley connects by means of a string with the float on the surface 
of the liquid in the measuring tank. A ratch is raised or lowered 
by a toothed wheel on the same axis as the pulley, and a pen well 
fed with ink registers these motions upon a band of paper stretched 
on a drum and divided into hours. The apparatus has two elec- 
trical contacts which close the circuit of a bell when the measuring 
tank is full and when empty, so that the battery man may be kept 
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constantly posted. It is desirable that there should be other bells 
giving due warning at the same time at the other stations. The 
height of these contacts may be regulated, so that the drawing-off 
from the battery may be made to vary. The number of times the 
tank has been emptied is also recorded by a counting register con- 
nected with the apparatus. Instead of bells, certain plainly visible 
signals may be used. The Rassmus apparatus is also made with 
two recording cylinders, which is the type shown in Fig. 222. These 
are connected with two separate batteries. Any variations in the 















































































































































Fig. 222.—Rassmus Juice Recorder. 


general work are shown on the band of paper.’ This appliance 
is much used in the beet-sugar industry, while in France the Horsin- 
Dt£on, which is the same apparatus with a few modifications, is in 
general favor. 

The sugar percentage of the residuary cossettes from the bat- 
tery may also be written upon a blackboard in some prominent 
position, and one would thus have within reach all the important 
data for the control of the diffusion. The density recorders for 
juices have been given a fair trial, but the indications up to date 
are not very reliable. For the carbonatation there is no system 
of control other than the standard alkalimetric tests, for which, 
however, efforts have been made to introduce some automatic 
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and systematic control. Among these may be mentioned the 
ScHWAGER ! apparatus, into which the drops of liquid to be tested 
fall upon strips of chemically prepared paper. The changes of color 
at the centre of the strip indicate that the juices are standard, 
while those at the extremities show that the alkalinity has been 
exceeded, or is not up to the standard. The bands are divided 
so as to give hourly indications, and are rolled upon suitable 
cylinders. No practical application of the idea has been observed, 
but it is certainly worth recording. 

The pressure of the vapors and the density of the juice play 
the leading roles in evaporation. Pressure recorders are only placed 
here and there. In most factories, one upon the exhaust-steam col- 
lector and another upon the condenser are considered sufficient 
to furnish information as to the general working of the evaporator, 
but there would be advantages in having several additional ones. 
These appliances are so well known that they need not be described. 
A recording thermometer in connection with a multiple effect 
would also render excellent service., It consists of a metallic bulb 

(Fig. 223) filled with liquid, which is placed in the environment 
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Fie. 223—Schema of RicHarp’s Compensating Temperature Recorder. 


whose temperature is to be recorded, and which is in communica- 
tion through a capillary tube with the hollow spring, A. The 
liquid, in expanding under the effects of heat, will bring about a 
deformation of the spring in question, and, that the ambient tem- 
perature shall not exert its influence, RrcHarp adds a compensator, 
C. The tube, A, is fixed at one of its extremities, and, at the other, 
a, will influence the needle, B, through the lever, abc, moving 
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around b and the system cde. The effect of the ambient tem- 
perature is corrected by the deviation of the spring, C, depending 
upon that temperature. The motion of C is to that of the tube, 
A, as aa’: bb’ or bc: ac. At the end of B there is a stylus that 
registers the temperature upon a recording cylinder covered with 
a divided sheet of paper. This system can be given very much 
the same arrangement as the dial mode of telegraphy (Fig. 224), 
permitting one to record at a distance any variation in tempera- 
ture. The apparatus will simultaneously register the temperature 
in several places, supposing that there are three dial thermometers, 
1, 2, and 3, placed at different stations and connected with the 
appliance under consideration through the so-called scrutator, 
shown to the left. The electro-magnet of one of these thermome- 





AUT, WIM 
Fig. 224.—Ricnuarp’s ‘‘Scrutator.”’ 


ters, by means of the contact, 1, 2, or 3, of the interruptor, will 
immediately show on the dial of the scrutator exactly what the 
temperature is. All the important temperatures of the factory 
may be recorded at the superintendent’s office. 


Recording thermometers and pressure gauges may also render 
important service to control graining. Of course they cannot 
prevent the appearance of false grain, but other useful information 
is furnished during the several phases of the pan’s working. The 
indications necessary for this control are the vapor pressure in the 
heating chamber, the temperature of the massecuite, and the exist- 
ing vacuum above the surface of the product being erained. 

The final use of the automatic control is for the bags of sugar 
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leaving the factory. The device is placed below the sliding boards 
used for the bags. It must be very simple in its construction and 
prevent the registering of two bags, for example, when only one 
is taken from the factory or into the store. 

The boiler control is too frequently neglected, and yet at that 
station constant watching is needed. It is most necessary to 
record the quantity of water evaporated, the quantity of coal con- 
sumed, the total weight of ashes obtained, and the composition of 
the gases in the flues. If the quantity of water evaporated is known, 
one may very accurately ascertain the degree of steam economy 
attained in the general running of the factory. This volume of 
water is readily determined by the use of a measuring tank, or some 
recording device attached to the feed pump of the boiler. It is 
important in this case, however, to make repeated experiments 
to determine its practical working efficiency. It is well to keep 
in mind that a certain amount of water may be carried forward 
through entraitnement by the steam, and this may be due to sev- 
eral causes. It is important also to keep a careful record of the 
water thrown out when the boilers are cleaned. ‘The total ash 
gives data as to the activity shown by the stoker, and will show 
whether or not considerable coal is being wasted. The most re- 
liable control is the composition of the gases in the flues, for this 
gives the data by which one may ascertain whether the combus- 
tion has been complete,—in other words, whether the boiler is work- 
ing under economic conditions. The richer these gases are in car- 
bonic acid, the more complete will be the combustion. 

'The carbonic acid, the outcome of combustion, can be diluted 
only by mixing with the air that finds its way to the grate. This 
air is heated to the same temperature as the gases formed during 
the burning of fuel, and causes a loss of caloric which is in direct 
ratio to its volume. Such losses may represent 30 per cent of the 
heating value of the coal used, but by proper Mane ceueaEy this 
may be reduced to 10 per cent. 

There exist many pieces of apparatus for the continuous control 
of the composition of the escaping gases. The ARNT appliance 
(Fig. 225) consists of a pair of very sensitive scales, loaded on one 
side by b and weights, while on the other there is a glass receptacle 
open at the bottom. The equilibrium is established for a known 
percentage of carbonic acid. The gases are slowly introduced 
through the pipes, a and c, into d, and leave through e. The equi- 
librium is destroyed in proportion to the specific weight of the gases, 
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provided they are always at the same temperature. The variations 
are shown by the scale pointer. This apparatus does not register 
the percentage of carbonic acid; there could, however, be attached 
a roller with a suitable band of paper. 
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Fig, Be enn peed a Scale. 


Bookkeeping of the factory.—One of the most important fea- 
tures of control, considered as a whole, is the discovery of the faults, 
and an endeavor to overcome them at once. The difference be- 
tween the quantity of sugar (polarization) existing in the beets 
before they are sliced and the sugar extracted is the total loss 
during manufacture. When the roots have been correctly weighed 
and their juices accurately analyzed, the total losses are frequently 
much higher than the sum of the losses determined by adding the 
sugar remaining in the residuary molasses, pulps, water, and scum. 
Consequently there are known and unknown losses. The known 
losses may be determined by analyzing the residuary cossettes, 
the waste water from the diffusion, the carbonatation scums, the 
water of the condenser, etc. 

There are, however, other losses, whose determination cannot 
be accurately ascertained, as there are not sufficient data to work 
upon, and these come under the caption of Unknown Losses. Among 
these may be mentioned the losses resulting from sugar destruction 
during the evaporation or graining; the sugar losses on the filtering 
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cloths of the presses;and the mechanical losses through spilling, 
overflow, etc., of the juice or after-products. All these losses, even 
considered collectively, are very slight. In most cases they consist 
only of a few hundredths per cent as compared with the total 
weight of beets sliced, provided, of course, that the work is done 
under normal conditions, that the juice is alkaline, and that no 
extraordinary mechanical sugar losses occur. 

CLAASSEN maintains that unknown losses occur in all beet-sugar 
factories, notwithstanding all possible care devoted to the chemical 
and other control. On the other hand, PELLET refutes this asser- 
tion, and points out that the supposed unknown losses become 
smaller every year as the processes of manufacture are improved. 
A series of determinations! made in Dutch beet-sugar factories 
show that the unknown losses, combined with those of diffusion, 
were only 0.26 per cent. From the balance sheets of the factory, 
said by CLAASSEN to be satisfactory, the total losses should be 
about 1.0 to 1.5 per cent of the weight of the beets sliced; of these, 
0.5 to 0.7 per cent may be determined, and consequently nearly 
one-half remain unknown, and cannot be accounted for. It would 
be discouraging for the technical director to note enormous losses 
if actually considered as sugar, but they cannot be solely thus 
attributed, as polarization losses occur which cannot be explained. 

Among the unknown losses are those of a mechanical nature, 
which are the outcome of leakage of the valves and heating tubes, 
or are due to neglect of the workman in charge. It is the duty of 
the practical man to prevent these losses, and even to render them 
impossible. During diffusion the leaky, or partly open, emptying 
valves may be the cause of a loss of juice, and for this reason the 
valves in question should be done away with in cases where the 
the residuum cossettes are flushed from diffusors. When the ex- 
hausted slices are flushed out from a diffusion battery that is emptied 
from the sides, CLAASSEN advises to fill up and to have the space 
between the bottom of the diffusor and the metallic sieve as small 
as possible, just sufficient for the juice to circulate; otherwise a 
certain amount of water will remain, which, during the following 
washing, would tend to dilute the resulting juices. The losses re- 
sulting from leaky manholes never attain an appreciable amount, 
but they must not be overlooked. 

Mechanical losses of juice may take place at ae emptying pipes 
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of the carbonatation tanks and of the multiple effect, these being 
used on Sunday for the emptying of the water used for washing. 
The cocks and emptying valves of these pipings should always be 
closed, and, as an excellent precautionary measure, be under lock 
and key, except when they are being used or cleaned. All the pip- 
ing, for whatever purpose it may be intended, should be placed so 
that it is readily accessible and visible. The losses through leakage 
of the heating tubes and steam coils of the multiple effect and 
vacuum pan are at once discovered, for the reason that most of 
the condensed water is utilized in feeding the boilers, and the small- 
est possible amount of sugar would be noticeable through the char- 
acteristic odor it transmits to the steam. The condensed waters, 
such as those used in the reheaters, that are not fed to the boilers, 
should be frequently tested for sugar. It is pointed out that, if 
these precautionary measures are taken, no mechanical losses will 
remain unnoticed, and in consequence they can never become very 
great. 

According to CLAASSEN, the losses of a beet-sugar factory are 
about as follows: 


TOG a LO SSCS Ne eT Te ode oie ic cate aol ais ele. b wlohe Sco e Pus aie lela eves 1.20 
The known losses are: 


Per cent of weight of the beet. 


In the pressed residuums........ 50% with 0.50% pol.=0.25 
Residuary sweet water from 

IEC SSCS IR Re Mets coleason sce te cee 40% with 0.20% pol.=0.08 
Residuary sweet water from diffu- 

BIODAOATLOLY s 78% 5 cix:<.dfe,2 ei 130% with 0.10% pol.=0.13 
In the residuary scums, first car- 

DORAL ACIOU sw casere cd leh a. 87, with 1.5% pol.=0.12 
In the residuary scums, other car- 

DONA baUIOUS a teeta see oes 0.5% with 4.0% pol.=0.02 
In the condensed water. ........ 600% with 0.00% pol.=0.00 

ESGNO WHIP LONGO SU ay ew et tees Cogs aca aang el snc Pye Soo os 4 aes! ® 0.6 


In factories where the diffusion juices are accurately measured, 
one may also exactly determine the total loss during diffusion, but 
it is necessary to have correct average samples of diffusion Juices. 

The question, as to whether there are produced considerable 
unknown losses during the working of the diffusion battery, has 
not yet been technically settled. From a practical standpoint it 
offers but little interest, for the simple reason that the question is 
one of theory only as to whether these losses have occurred in the 
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diffusion battery or during some subsequent manipulation. Ac- 
cording to CLAASSEN, during the working of a diffusion battery, only 
very small sugar losses can occur, as, owing to the special con- 
ditions of the battery’s working, sugar is first inverted before 
changes of any kind occur. No appreciable quantity of invert 
sugar is noticeable with healthy beets due to the rapid working of 
a battery; furthermore, a slight increase of invert sugar percentage 
could be attributed to the formation of the reducing substances 
through decomposition of the non-sugar. It does not seem rational 
to maintain that the invert sugar, which is the outcome of micro- 
organisms, should be again decomposed by bacteria during the 
short interval of diffusion. 

There must be uniformity in methods of analysis,! otherwise 
the results obtained are not computable and certainly not com- 
parable. To meet the demands of several French manufacturers 
it was decided that the Secretary of the Association of Sugar 
Chemists of France should receive weekly from about fifteen fac- 
tories, designated by numerals, not by name, reports on some 
thirty or forty details, such as purity, saline, coefficient of juices, 
massecuite, etc., compile these data upon one sheet, and return it 
to all who had taken part in this system of control. By this means 
one manufacturer could compare the beets he was working, his 
losses, his yields, etc., with those of his competitors. However, a 
cursory glance at such a table shows that it has very little practical 
value. Furthermore, the analysis of beets taken as samples from 
piles gives only a rough approximation of the average sugar con- 
tained in, perhaps, 1000 tons per diem, as worked at some factories. 

On the other hand, if the juice from the battery be accurately 
analyzed at regular intervals, and its volume, which may be meas- 
ured with almost mathematical accuracy prior to carbonatation, 
is known, a point of departure that may be considered reliable 
is established. But how make allowances for the air bubbles? 
How estimate the volume of a substance when the surface is irreg- 
ular and uneven? In those factories where crystallization in mo- 
tion is adopted, and second-grade syrups are returned to pan, an 
estimation of the accurate percentage of sugar in a massecuite 
would be impossible. 

Even admitting that this information could be obtained, the 
comparison of one factory with another would not be possible, as 
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the analyses are all made by different chemists and under different 
conditions. Sacus, who is the promoter of the idea of the com- 
parative sheets just mentioned, organized another system of 
control that has all the advantages of previous schemes and none 
of the disadvantages. His method for estimating the percentage 
of sugar, etc., in stage of manufacture is most simple and very 
exact. The first-grade sugar is weighed on scales, and a sample 
of this sugar is polarized; the polarization obtained, multiplied by 
the number of kilos of first sugar, gives the weight of pure sugar. 
The second massecuites from syrups swung from centrifugals are 
sufficiently fluid to be measured, and, the density being determined, 
the weight is obtained. A sample is taken and polarized, and, by 
again multiplying this percentage of pure sugar by the weight of 
second massecuites, the number of kilos of pure sugar they contain 
is determined. By adding the weight of pure sugar contained in 
first-grade sugar to the pure sugar of the second massecuites, we 
have accurately the quantity of sugar the massecuite contained 
when it left the pan. By subtracting this weight from that found 
in the raw juice, the sugar lost during manufacture is determined, 
and hence a control which is practical and simple is obtained. 
In order that these results may be comparable, Sacus has organized 
a special laboratory with several assistants. There are many Bel- 
gian and Dutch contributors to this mutual system of control, all 
being, however, unknown to each other. . 

The manufacturer must fill out certain forms, and very ac- 
curate information must be furnished as to the volume of diffusion 
juice and its sugar percentage, weight of first-grade sugar and its 
polarization, volume of second massecuite sugar in residuum pulps, 
sugar in scums, etc.; there must also be sent an average sample of 
first and second massecuites. In return, after a reasonable interval, 
the manufacturer receives an elaborate table, the outcome of the 
work at the control laboratory. These data constitute a check 
on the work done by the chemist at the factory, and also point out 
any error that may have been made during the week’s working. 
As each subscriber knows his own letter in the table, he can ac- 
curately compare his work with that of other manufacturers. The 
figures are comparable, for they have all been obtained under one 
head and by the same chemical method of analysis, which has 
never been done before to the writer’s knowledge. 

The question of technical bookkeeping is an important factor 
towards successful beet-sugar manufacture. It should include all 
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the technical data, not only the notes of the factory and their re- 
sults, such as extracts from laboratory notes, but all other notes 
upon which the science of beet-sugar extraction depends. Such 
details as fuel, coke, limestone, lime, filtering cloths, hydrochloric 
acid, oils, etc., should be itemized, also the number of bags of 
sugar and to whom they have been delivered, details respecting 
siloing and keeping of beets, sugar analysis, etc. No special speci- 
fied details can be given, as the conditions are very different for 
each factory, and no special notes of slight importance should be 
considered. 


CHAPTER, Li: 
SLICING STATIONS. 


In order to save the cost of transportation of the beets from 
distant farms to the sugar factory, Lrnarp made the excellent 
suggestion that the juice of the beet rather than the root itself be 
transported. In the first installation of the kind, made in 1867 at 
St. Aquaire, France, the beets were rasped at that station, then 
the juice was pressed out and sent through underground pipes to 
Montcornet, a distance of about eight kilometers. After diffusion 
came into vogue, and difficulties in supplying sufficient beets for a 
large-sized sugar factory arose, the distant slicing stations became 
more popular, and in most of the very large beet-sugar plants in 
Continental Europe the system continues in use. For example, 
the factory at Wanze, Belgium, with a daily capacity of 3500 tons 
of beets, has 14 slicing stations, and the central factory of Escau- 
doeuvres, France, with a daily capacity of 3000 tons of beets, has 
16 rasping stations. 

Evidently one of the great advantages of the method is the de- 
creased cost of sugar production, and it has none of the disadvan- 
tages of the smaller factories, as the residuary cossettes are readily 
sold to adjoining farmers. The slicing stations have their flumes 
for beets, washers, slicers, diffusion battery, cossette presses, pumps, 
decanting vats, etc. To the juice leaving the measuring tanks is 
added about 1 per cent of quicklime, used in the dry condition or 
as a milk of lime. The juice thus limed will undergo no change 
during the transit through the pipes from the slicing station to the 
central factory, and upon its arrival the lacking lime necessary for 
defecation is added. The limed juice is forced into the pipes by a 
double-acting plunging piston, and the flow is regulated by large 
accumulators, such as are employed for hydraulic presses. If the 
juice pipe makes a bend corresponding to less than an atmospheric 
pressure, the juice would form an equilibrium, thus working very 


like a syphon. Very little force would be necessary if the central 
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factory were posted at the lower end of the pipe. These conditions 
would not remain the same if the elevation were more than 10 
meters, in which case the weight of the juice in the lower pipe 
could not rise the juice to the height of 10 meters. Consequently 
the work to be accomplished by the pump would be the total ele- 
vation less 10 meters. But it must be remembered that beet juice, 
with an entirely different density from water, is being handled. If 
D is the density of the juice, the height to be deducted would be 
10 meters 

ee) 

Many instances could be cited in which the juice is carried over 
elevations of 100 meters. It may happen that the central factory is 
at a lower elevation than the annex. It is generally found desir- 
able to allow for extra pressure at the start by giving the pipes an 
additional thickness some few feet from the annex. There need 
never be much fear of the pipes bursting, owing to the compara- 
tively small velocity of the juice during transit. There is con- 
siderable friction, which must be allowed for; but this may, in a 
measure, be overcome by using pipes of a larger diameter than is 
apparently needed. 

The following table gives some important data respecting the. 
pipes used at the CouLommreErs factory in France: 


DIMENSIONS oF PIPING, ETC., FOR TRANSPORTING JUICE TO FACTORY AT 
COULOMMIERS, FRANCE. 


Total 


Length of Volume volume -|Lntevor 


Name of locality. of juice diameter | Pressure. 





ea ! 
Pipe per meter. a aie: of pipe. 
Meters. Liters. Hi. Mm, Atm. 

Jouy-to Prevert.:.. see 2209 9.16 | 202.34 108 9 
Vaudoy, to Prevert.\ jaune. 2044 1123042220797 120 

Kozoy to Vaudoy.... 0c." 8495 7.85 | 666.85 100 

Prevert to Coulommiers. ...| 17236 17.67 |3054.36 150 

Total juice:in: pipes..cula-: ceca! eee ee 4154.52 


In France the cost of pipe line is very variable, but, from in- 
formation collected, it may be said to be $2600 per mile. Suppose 
the pipe to be 100 mm. in diameter, and the annex to be of rather 
large size: for twenty miles this would involve an outlay of $50,000, 
without taking into consideration the cost of the annex, which would 
not be much less than $100,000 to handle several hundred tons of 
beets per diem. A very simple calculation would show that the 
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outlay is a profitable one, especially in countries where, as in Utah, 
the beets are cultivated by irrigation. During several months of 
the year, the pipes may be used to carry water for irrigating lands 
that might otherwise be almost worthless. Water needed for the 
annex factories in an emergency could be placed in reservoirs and 
used when needed. 

Evidently the diameters of pipes used should not be too small, 
otherwise the necessary pressure would be excessive. An idea of 
the pressure resulting is given in the foregoing table. Sometimes 
the pipes used are 18 miles in length. The kinds most used are in 
sections of about three meters that fit into one another, the joints 
being filled with lead. The pipes generally follow the undulations 
of the roads, and in some cases they are placed alongside the rail- 
road, but 80 cm. underground, so as to be protected against frosts. 
In case they are near the roads, at all the higher portions of bends 
air purgers should be placed, so that all air and gases can make 
their escape, as they would otherwise form serious obstructions 
in the circulation. At the WANnzzr sugar factory, overseers con- 
tinually go back and forth to detect any irregularity. /They are 
in constant telephonic communication with the repair station, so 
that the necessary appliances for correcting any difficulty may be 
furnished at once. 

These pipes should now and then be cleaned. ‘The DE LoYNEs 
method is very simple and practical. A section of the pipe that 
is to be cleaned is taken out, a wooden ball of a diameter of 12 to 
15 mm. less than the inside of the pipe is introduced, and the por- 
tion of pipe is then put back in position. Pressure is exerted, and 
the ball in revolving pushes all sediments before it. The operation 
should be repeated several times. The pipes from the different slic- 
ing stations all meet in front of aniron tank; but, in case of difficulty 
arising at one of the stations, communications with it are cut off. 

Besides mechanical losses, some authorities claim that there 
are sugar losses in this mode of juice transportation. According to 
PELLET, SAILLARD, and BEAUDET, the sugar destruction, even after 
90 hours, is so small that it cannot be considered; after 120 hours 
it is 0.40 per cent, and after 144 hours it becomes 1.6 per cent. 
As there are very few rasping stations where the juice remains in 
the pipes more than 24 hours, the sugar destroyed need not be 
considered. 

Juice cisterns.—MAuMEN# proposed that to beet juices there 
be added 0.3 to 0.5 per cent of lime, the juices to be subsequently 
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kept in large reservoirs or cisterns. It was claimed by this author- 
ity that the juice could thus be kept for six months without under- 
going the least alteration, and that, when subsequently submitted to 
the carbonatation process, the desired results as regards decolora- 
tion, etc., would be realized. It is to be noted that considerable 
capital would be required to carry out this plan. 

Another original idea was practically tried in Denmark. It 
eonsisted in having rasping stations run their juices into boats 
having special cisterns suited for the purpose. These boats were 
then sent to their destination and the cisterns emptied. This idea 
is worthy of serious consideration, but it demands that numerous 
waterways be'at one’s disposal. Of late, beet juice has been trans- 
ported in France in railroad cars. 





CHAPTER IV. 
SUMMER WORK. 


THERE is always complaint among capitalists that the invest- 
ment in a beet-sugar factory remains idle nine to ten months of the 
year. Evidently, in cases where large crystallizing tanks are used, 
a certain number of weeks are necessary to work off the product; 
but, by recent methods of working, the campaign ends a few days 
after the working of the beets, as the final residuary molasses 
ceases to be of value for sugar-extracting purposes. 

Beet-sugar manufacture is always in full activity during the 
winter months, for then the beets are brought fresh from the field 
or are siloed. The campaign proper is a very fatiguing one, and 
is a great strain not only upon all persons connected with it, but 
also upon the machinery. When the last roots have left the slicer, 
and all the sugar has been removed from the factory, work of 
another kind must commence, and that is a thorough cleaning of 
all the appliances, some of which are removed entirely, to be re- 
placed by such others as progress may demand. These changes 
are of far greater proportions than is generally supposed; in fact, 
after an interval, say of ten years, hardly a single piece of ma- 
chinery of the original plant remains.. 

It is desirable to give the machinery a preliminary cleaning, 
and later to complete this by a very thorough washing, etc., and a 
very careful examination of every detail, so as to determine whether 
repairs are necessary or not. The important repairs that must be 
executed in the machine shop should, as far as possible, be placed 
in the constructor’s hands in the spring, at a time of the year when 
there is very little going on. Under these circumstances, more 
attention may be given and the apparatus delivered and replaced 
in position long before the sugar campaign begins. The repairs 
and small installations that may be made in the factory should 
be executed by mechanics who work on yearly salaries, and have 
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ample time to carefully do the necessary patching. It is most de- 
sirable that the factory be independent of outside machine shops. 

It frequently happens that the buildings of a beet-sugar factory 
form the nucleus for a new town that is built around them. Such 
a factory is seldom or never built close to a large manufacturing 
town; for the area generally covered is vast, and country lands are 
always cheaper than such as can be found in a town, however small 
its population. In most of the European factories there are well- 
organized machine shops, which can undertake nearly all the re- 
pairs necessary. The conditions for small plants are, of course, 
entirely different, but as these are rapidly disappearing they need 
not here be considered. All the pieces of machinery, valves, cocks, 
etc., are carefully numbered before being turned over to the repair 
shop. 

After the various parts of the appliances have been examined 
and repaired they should be put together, and the precaution taken 
to thoroughly grease their surface, so as to protect the iron against 
rust. To keep off dust, ete., it is found advantageous to cover 
them completely with cloths during the several months they re- | 
main idle before the campaign commences. 

In this question of repairs special stress should always be placed 
on looking after such portions as are hidden, and such as could not 
be repaired during the sugar campaign, by which plan numerous 
complications are obviated. Just as boilers are examined at regular 
intervals to ascertain if they leak, or if they can withstand the 
greatest pressure to which they are to be submitted, so multiple 
effects and vacuum pans should also be tested and overhauled. 
The coils and the chambers that are heated with live steam should 
be submitted to one to two atmospheres of water pressure, or at 
least to the maximum pressure of the steam employed. In those 
appliances heated with low-pressure steam, the pressure of the 
water from the diffusion reservoir, which corresponds to about one 
atmosphere, is sufficient. For these tests the entrance, emptying, 
and purging cocks should all be in their respective positions. It is _ 
especially recommended to test by this water pressure not only 
the heating chambers, but also those portions of the multiple effect 
where the boiling of the juice is effected, and where, consequently, 
the acid clearing is accomplished. 

MALANDER says that it is desirable to ascertain whether the tubes 
of the multiple effect are eaten away, and for this purpose several 
of those forming part of the tubular cluster should be:taken out 
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and thoroughly examined. This will decide whether or not the 
whole series must be taken out and replaced by new ones. The 
ones most liable to be eaten away are those in the vicinity of the 
place where the steam enters the effect, or where the ammoniacal 
water is removed. 

This work is generally done during the summer months. If 
the tubes of a vertical effect are not in a bad condition, they are 
thoroughly brushed inside, so as to remove all deposits. In the 
case of horizontal effects, the pipes are all taken apart, scraped, 
and cleaned in some rotating device in which, through friction upon 
one another, they are not only cleaned, but also polished at the same 
time. 

During the summer months all the lime deposited at the sides 
and at the bottoms of the carbonatation tanks is scraped off. In 
some factories this operation is performed immediately after the 
campaign has ended, and before the deposits have had time to 
harden. Their removal then is much easier. Otherwise this work 
is preferably done when the deposit is very hard and scales off by 
simply knocking on the outside of the tank with a mallet, but 
some care must then be taken that the sheet iron is not injured. 
The flues connecting with the carbonatating tanks must also be 
cleaned. The liming and mixing tanks, the carbonic-acid gas dis- 
tributors, the pipes connecting with filter presses, and the filter 
presses in all details, must all be scraped to remove deposits and 
then cleaned. ‘To gain time and save labor it has been proposed to 
use a solution of hydrochloric acid; but if the deposits are thick it is 
doubtful if the money saved in wages will not be expended in acid. 
In factories where calcareous waters are used for the condenser, 
the moist-air pump, the barometric pipe, and the exit pipe to the 
flumes, etc., become thickly coated with lime, and must be un- 
mounted in detail to remove these deposits, as they may cause 
difficulties during the sugar campaign. The same remark also 
applies to the gas washer connected with the lime kiln. All the 
pipes, and parts through which sulphurous acid circulates, should 
undergo an examination. All valves and cocks should be taken 
apart and thoroughly examined, and all defective portions repaired 
or removed. 

As the sugar campaign terminates before the end of the winter, 
the cold enters the factory and freezes all water that may have 
been left in any of the machines; hence special attention should be 
given to the steam cylinders and piping and valves connected with 
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same. The freezing in these parts would burst them, and cause 
considerable expense for repairs. 

In case it is thought desirable to paint the piping, it is recom- 
mended to select different colors, to indicate the purpose for which 
they are intended. There are many advantages for the surveillance 
in this arrangement, as each CRE juice, or steam pipe is thus 
plainly marked. 

It is desirable to have arrow indications showing the direction 
of the circulation of the liquids. In certain factories the arrow 
in question is cast with the valve, and the De of each is 
explained by a small sign. 

Supplies in reserve.—According to the existing local conditions, 
one is obliged to keep on hand a certain number of workmen, who 
are kept actively employed during the summer months. They 
should look after several issues relating to supplies in reserve. 
Provision must be made to have all new supplies of coal and coke, 
limestone, etc., in place when the machinery is set in motion, as 
the yards of the factory are too crowded at that time, with the 
going and coming of vehicles for beets, to allow any space for other 
supplies. The filter-press cloths must all be mended, and the new 
ones properly hemmed. A supply of oil for lubrication, and a num- 
ber of other articles, must be kept in sufficient quantities to prevent 
any interruptions whatever after the slicing begins. 

Remounting the machinery.—As the cleaning of the various 
parts of the machinery progresses, they are remounted and put 
together in their respective positions, and are then submitted to 
a preliminary test to ascertain whether there are any special de- 
fects. The pressure at which the various pipes, etc., are tested 
is somewhat higher than it is when the factory is in full activity. 
Each piece of apparatus and machinery is made to work separately, 
‘and each one is first tested without accomplishing any work, and 
then at the maximum strain that it will be called upon to sustain. 
Pumps should give their greatest efficiency. These precautionary 
measures help to make sure that power is not being wasted. The 
joints of all the valves of whatever kind should be tested. All the 
thermometers and pressure gauges should be compared, to ensure 
a thorough uniformity in their reading. When all is ready the 
factory is started; but, instead of Juice, water is used, which enables 
one to ascertain if the joints are leaky. The duration of this water 
test varies from factory to factory; but, under close observation, 
about 48 hours appear to be a reasonable average. 
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After this water test the appliances are emptied and then finally 
cleaned. As regards this experiment, it is to be noted that it should 
be done neither too soon nor too late. If too soon, certain parts 
may again become rusty and leak before the campaign begins; 
and, if too late, some defects may be discovered at the last minute, 
and, to make the needed repairs, the first slicing of the beets would 
have to be postponed. It is generally customary to make the water 
test about three weeks before the intended starting of the campaign, 
in which case the belting, etc., may then and there be stretched 
on the pulleys. In some factories visited, the campaign follows 
immediately upon the water test. While, in case of emergency, a 
lime kiln can be brought in full activity 4 hours after lighting, it 
is advisable to start it very slowly at the beginning of the cam- 
paign, so as to prevent any cracks in the firebrick work. Most of 
the factories light the kiln 48 hours before slicing. 


CHAPTER V. 
CALCULATIONS FOR A BEET-SUGAR FACTORY, AND FORMULA. 


The calculations for a beet-sugar factory involve many factors, 
and the only way for the reader to follow them in detail is to take 
some examples given by several of the leading experts and to draw 
practical conclusions from the methods adopted and the results. 
Horsin-Dtton starts by considering a 300-ton plant. ‘The beet 
sheds and silos, to hold the roots to be sliced per 24 hours, should 
have a capacity of 540 cb. m. If the beets are piled up in the yards 
to heights of 2 meters, the actual space needed is 300 sq. m., or 
17.32 17.32 meters per day’s slicing. The area, 300 sq. m., 
should be multiplied by the number of days the campaign is to 
last, supposing the entire crop to be delivered before bad weather 
sets in. : 

Silos, made as is customary in Continental Europe, have a width 
of 3 meters at their base, and a height of 1.5 meters; and their 
volume is equal to 2.25 sq.m. X L (LZ representing the length of 


the silo). Consequently 300,000 kilos of beets demand a silo 
4 
oe = 240 meters in length. It is generally customary to arrange 


that two silos will hold the slicing for one day. As a space of two 
meters is left around them, the total area occupied for a per diem 
working is 1200 sq. m., and this does not take into consideration 
the road over which the beet wagons and cars pass upon reaching 
the factory. 

Beet washers.—Beet washers for a 300-ton plant demand 12 
HP. 

Beet elevators.—After the beets are washed they are carried 
to the upper floor of the factory. For this purpose a height of 
15 meters demands 1.5 to 2 HP. 
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Diffusion and beet slicing.—It is supposed that the diffusion 
battery consists of 14 diffusors, yielding very dense juices. If 10: 
diffusors are emptied per hour, there will be 1250 kilos of cossettes 
per diffusor; and, supposing that there are 56 kilos of cossettes per 
= 22.3 hl e.orein: 
round numbers, 25 hl. Consequently a battery of 14 diffusors of 
25 hl. each would permit the handling of the beet slices under very 
favorable conditions. For a battery of this kind, one slicer is suffi- 
cient. A pump connected with the diffusion battery, the capacity 
of which is 10,000 hl. of water raised 20 meters per 24 hours, re- 
quires 3 HP., to which must be added the resistance of the maching 
and the piping, which approximately doubles the figure. A total 
of 120 HP. for the washers, elevators, slicers, pumps, etc., must 
be furnished in the service of diffusion. 

The calorizators are of a tubular type, and are supposed to 
be heated either with live or exhaust steam. A heating surface 
of 4sq.m. is sufficient. But if the steam is taken from the multiple 
effect, then 6 sq. m. would be needed. Three hundred tons of beets 
sliced per diem would give 360,000 liters of diffusion juice. If we 
suppose that the cossettes fall into the diffusors at 10° C., and leave 
after the sugar has been extracted at 40° C., with the water at the 
same temperature, then the 360,000 liters of juice heated to 30° C. 
would absorb 10,800,000 calories, and 300,000 kilos of beet cos- 
settes, for which a specific heat of 0.6 is allowed, would demand 
300,000 X30 X6 = 5,400,000 calories, or a total for the diffusors of 
16,200,000 calories, representing 25,312 kilos of steam per 24 hours, 
or 1055 kilos per hour. To this must be added the caloric lost 
in the waste water. Ten diffusors per hour, containing 10 hl. of 
water, equals 100 hl. of water, which, at a temperature of about 
20° C., or 200,000 calories, equals 312 kilos of steam. Allowance 
must also be made for the reheating of the sheet iron of the dif- 
fusors each time they are filled. Consequently for the diffusion 
there is needed a total of 1500 kilos of steam per hour, or 100 sq. m. 
boiler surface. 

Height of tank giving pressure to battery.—If the road travelled 
by the liquid from the water tank to the juice tank is considered, 
it becomes evident that when the ten diffusors are working, having 
2.6 meters in height, for example, their calorizators, the piping 
from the tank, and the pipe leading to the measuring receptacle, 
all considered collectively, have a length of 70 meters, and some- 


hl., the diffusors would have a capacity of 
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times more. ‘There are certain losses of head that cannot be esti- 
mated. Even to overcome the resistance of the diffusion battery 
when empty, the water should rise about 4 meters in the pipe of 
the measurer. All facts taken into consideration, a height of at 
least 10 meters is needed for the water-pressure tank connecting 
with the battery. Under all circumstances the calculation for 
the sections of the pipes should allow a velocity of water and juice 
of not more than 40 to 50 cm. per second, rather less than more, 
and in the cocks, etc., efforts should be made to decrease this ve- 
locity to 25 em. per second. In the case of 360,000 liters of water 
necessary for diffusion, the piping should have a total diameter of 
about 120 mm. 

Carbonatation.—The first carbonatation with gas at 25 per 
cent lasts one hour, and the filling and emptying one-half hour. A 
carbonatation tank may be used 16 times in 24 hours. In order 
to handle a maximum of 4000 hl. of juice, there would be needed 
4000 

i6 = 250 hl. 

It is reeommended to use at least five first-carbonatation tanks, 
one being filled, two working, one being heated, and one emptied. 
It is important to have two carbonatation tanks in activity, so that 
the working of the gas pump may be regular, as one tank has its 
cock fully opened, while the other, at a critical moment, is only 
half opened, owing to excessive frothing, etc. If reheaters are 
used before carbonatation, four tanks are sufficient. As two tanks 
are working, their active capacity will be 125 hl. The second 
carbonatation lasts twenty minutes, or forty-five minutes including 
the filling and emptying. One carbonatation tank may be used 


a tank capacity of 





32 times in 24 hours, giving a capacity of obs hl. As the 


working is very regular during the second carbonatation, three car- 
bonatating tanks of 125 hl. will be sufficient to handle the juice of 
300,00U kilos of beets. 

Surface of coils of the carbonatation tanks.—If 4000 hl. of juice 
are to be heated from 40° to 85° C., including the milk of lime 
added, or 166 hl. per hour, this will demand 16,600 X45 = 747,000 
747,000 

654 
sure. ‘This may be called 1200 kilos, allowing for the condensation 
in the piping, and this quantity of steam requires 80 sq. m. of 
boiler-heating surface. The carbonatation tanks contain 125 hl. 





calories, or = 1142 kilos of steam per hour at 5.5 kilos pres- 
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of juice at 40° C., and must receive 12,500 (85-40) =562,500 cal- 
ories in ten minutes. With steam at 5 atmospheres, there would 
be needed 14 sq. m. of coil-heating surface. In the second car- 
bonatation tanks, where the heating is from 80° to 100°, or 20° C., 
there are needed 9 sq. m. of coil-heating surface to heat for ten 
minutes. 

Lime.—As an average of 2 per cent of lime is used for the first 
carbonatation, and 0.6 per cent for the second, or a total of 2.6 
per cent, if 300,000 kilos of beets are to be handled per 24 hours 
there would be needed 7800 kilos of lime, or 8500 to 9000, allow= 
ing for losses, that is, 375 kilos per hour. In order to produce that 
quantity of lime it would be necessary to handle 18,000 kilos of 
limestone per diem, or about 15 cb. m., and 1500 kilos of coke, or 
a fraction less than 4cb.m. A lime kiln of about 50 cb. m. capacity 
must be used, or two small Belgian furnaces producing 200 kilos 
of lime per hour. Two kilns are better than one, as every mishap 
will then not bring the factory to a standstill; on the other hand, 
one kiln is easier to connect with the pump. In case of two kilns, 
there would be needed two washers, and a sluice with a perfect 
joint placed after each, the sluice to be regulated so that the draug ht 
shall be satisfactory in each kiln. The supply of limestone needed 
for a 90-day campaign is 1,700,000 kilos, or 1400 cb. m., which 
may be piled up under weather-protecting sheds. 

Milk of lime.—If the milk of lime is at 20 per cent, 80 kilos of 
water for 20 kilos of lime, 9000 kilos of lime demand 40 hl. of water 
for their slaking, and 360 hl. of sweet water with which the slaking 
is done, or 400 hl. of milk of lime. To raise this to the carbona- 
tation tanks demands 4 HP. 

Carbonic-gas engine.—If we suppose that the gas from the kiln 
contains 30 per cent of carbonic acid, the pump must exhaust 
about 20,000 cb. m. in 24 hours, the quantity varying with the 
temperature. If the machine turns at the rate of one revolution 
per’second, the cylinder must have a diameter of 800 mm. to ac- 
complish the work connected with carbonatation. The work 
necessary to put this machine in motion will correspond to raising 
the juice at a height equal to the depth at which the distributor 
is under the juice level. The carbonatation tanks are filled with 
juice at 1.50 m. in height, and the pressure exerted on the piston 
will be about 750 kilos for each semi-revolution, demanding 33 HP. 
It is admitted that at least 40 HP. should be used in order to over- 
come the resistance. 
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Scum pumps.—These pumps must force 4000 hl. of juice through 
the filter presses at a pressure of 3 atmospheres, and for this a force 
of 140 kilos per second, or 2 HP., is needed. As a general thing, 
these machines are very much more powerful, owing to special 
and exceptional resistance which must frequently be overcome. 
Two machines are frequently coupled on the same shaft, so as 
to overcome the dead centres of the cranks. As two pumps 
are needed, nct less than 16 HP. is necessary for their satisfactory 
working. 

Filter presses.—The scum from carbonatation represents at a 
maximum 12 per cent of the weight of the beets sliced, and, for the 
300,000 kilos being worked per diem, it would amount to 36,000 
kilos, or for the 90 days of the campaign 2700 cu. m., which must 
be placed somewhere to remain until the campaign has terminated. 
About 4000 hl. of juice must be run through the filter presses. 
There will be needed for full working 4X45=180 square meters 
for the first carbonatation, and 4*15=60 square meters for the 
second. It is recommended that for the first carbonatation the 
frames of the filter presses have an area of one square meter, which 
means two square meters filtering surface per frame. Ninety 
frames would be needed, or two large filters of 45 frames each, 
and a third for the cleaning, or three filter-presses. For the second 
filtration smaller presses may be used, with frames of 6466 cm. 
About 50 frames would be needed, or two presses of 25 frames each, 
and a third in reserve. 

Mechanical filtration.—In the Puritipre pocket filters, 40 hl. 
of juice per square meter may be filtered in 24 hours, and for this 
there will be needed S00 square meters. As the filtering of 
the carbonatation juice offers certain difficulties, 4 filters of 40 
sq. m. each should be used, keeping one in reserve for the 
filtrate from first carbonatation, and using 3 filters of 40 sq. m. 
for the second carbonatation filtrates, which are more readily 
filtered. ; 

Evaporation.—To evaporate 4000 hl. of juice and condense it 
to the consistency of a syrup of 27° Bé. there would be needed a 
triple effect of 400 sq. m. heating surface, or three compartments 
of 133 sq. m. in each. It is better, however, to have a quadruple 
effect with multiple-effect heating. 

Reheating the syrups.—Upon leaving the multiple effect the 
syrups are at a temperature of 50° C., and must be heated up to 


- i ii 
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about 100° before being filtered. The 4000 hl. of juice will give 
nearly 800 hi. of syrup, with a specific heat of about 0.6 and a 
density of 1.3. This syrup must receive 80,000 X50X1.3X0.6= 
3,240,000 calories, that is, 5000 kilos of steam per 24 hours, or 
208 kilos per hour. 

Filtration.—Through the Puiuiprx filters 20 hl. of syrup per 


Square meters may be run in 24 hours, and this will require = 


40 square meters of filtering surface. It is recommended to 
use three filters of 20 square meters, so as to keep one in 
reserve. 

Vacuum pan.—The syrups upon leaving the filters are run into 
the waiting tanks, where they cool to 40° C. If the vacuum in the 
pan is about 60 cm. the syrup will boil at 69° C., and it must there- 
fore be heated from 40° to 69°,—in other words, 29° C. must be sup- 
plied. The specific heat of a massecuite is about 0.5. The requisite 
steam must be furnished to raise the syrup to 30° Bé., so that as 
a massecuite it will contain only 8 to 10 per cent of water, that is 
to say, 39 per cent of the water must be removed from the syrup. 
From 800 hl. of syrup, or 104,000 kilos, there will be evaporated 
40,560 kilos of water. Consequently, to raise the temperature of 
the syrup 29°, there will be needed 104,560 X29 X0.5=1,508,000 
calories. These calories may be supplied by means of steam at a 
pressure of 4 atmospheres, supposing direct steam to be used, which 
method is still in use. Steam at 4 atmospheres has a temperature 
of 144° C., and the boiling syrup will be at 69°; consequently, in 
passing from 144° to 69°, the steam will condense, and give up the 
following number of calories: 537 x (144—69)=612. To reheat 
the syrup one needs a= 246 kilos of steam; and to com- 
plete the graining there are needed 34,130 kilos, or a total of 36,500 
kilos, or 1520 kilos per hour. Horstn-DE£on calls attention to the 
fact that, as the evaporation is very much more rapid at the begin- 
ning than towards the end of the graining, there will necessarily 
be much more steam used when the pan is first started than when 
the strike is about to terminate. This enormous momentary ex- 
penditure of heat at certain periods of the day causes great diffi- 
culty in properly conducting the boilers; and it is recommended 
that the pan man give due notice when the operation of graining 
is about to commence, otherwise the entire factory might be sud- 
denly deprived of steam. For each strike there are needed about 
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5000 hl. of water for the injector of the condenser. From 4000 hl. 
of juice there are obtained 600 hl. of massecuite, or 15 per cent. 
As the graining lasts for 10 hours, it would be possible to make two 
strikes per diem in the same pan. The vacuum pan should have 
a working capacity of 300 hl. Pans of this kind have a diameter 
of 4.50 m., and are 2.8 m. in height; they have four coils and a 
heating surface of 55 to 65 sq. m. 

Air pump.—For a vacuum pan of 4.5 m. in diameter and 2.8 m. 
in height there would be needed an air pump of 500 mm. in di- 
ameter and a 550 mm. stroke. The cylimder of the steam engine 
should have a diameter of 340 mm., the fly-wheel making about 
55 revolutions per minute. A pump of this kind requires 26 HP. 
Attention is called to the fact that in such cases there is every 
advantage of having only one condenser, and one pump for the 
vacuum pan and the multiple effect. A 100-HP. engine could be 
used, which would be sufficient for working the ammoniacal pumps, 
the juice and syrup pumps, etc., and would be far less troublesome 
than all the various aha that arise with the use of nu- 
merous machines. 

Massecuite tanks.—In the case under consideration (slicing 
300 tons of beets per diem) the tanks should have a total capacity 
of 600 hl.; but as the product, for one reason or another, can- 
not all be handled in the centrifugals in one day, the capacity 
must ,be 900 hl., and three or more tanks are needed for the 
purpose. 

Crystallizators.—There are several types of crystallizators 
which can work 600 hl. of massecuite per diem and demand a force 
of 2 HP. 

Centrifugals.—The centrifugals handle 50 kilos of massecuite, 
or 35 liters; and to handle 60,000 liters of the product there must 
be 1700 swing-out operations in 22 hours, or 78 per hour. If each 
operation lasts ten minutes, 13 centrifugals would be sufficient for 
the work. Each centrifugal requires about 1.5 HP., uae a 
total of 20 HP. 

Vacuum pan for seconds.—There will remain about 150 to 200 
hl. of second massecuites, and, as the graining by modern methods 
is comparatively slow, the pan should have a working capacity of 
about 100 hl. If no crystallizator is used, the capacity of the tanks 
holding the grained after-product should be 10,000 hl., so as to 
contain about one-half of the entire amount manufactured. There 
are needed 5 to 6 centrifugals for the massecuite seconds. 
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The water needed for a 300-ton beet-sugar plant per 24 hours is 
given by Horsin-Dton as follows: 





Hectoliters. 
WG RCL peer Meme. Rete Verio esd. uy oes 300 
LENS aan oa a eC a 4,000 
Milk of lime . MeN er Vet a ants edie, 2 ot 400 
Filter-press eens ee RR ee etc 5: 400 
Evaporation ies fect) Be Soe Mea oie ave 24,000 
rouse ul ee meta yey woes 30h ce 10,000 
PO lee a eeee EP cr crete ee» 0,100 


This means at least 40,000 hl., taking into consideration the 
water necessary at the factory for various purposes. The waters 
are collected in various reservoirs connecting with the pumps. 
The above calculations suppose that 10,000 hl. are needed for the 
diffusion and the operations conected with it. If the ordinary 
condensers for the triple effect and the vacuum pan are used, the 
34,000 hl. that are necessary may, whenever possible, be drawn 
from a well. If dry pumps are used, the water is forced up into 
reservoirs, placed at an elevation of at least 10 meters, by a pump 
demanding for its working at least 53 HP. The various resistances 
of the machine and the losses must be allowed for, so that for this 
work an engine of at least 60 HP. is needed, and to this must be 
added the water necessary for the hydraulic transportation; for 
which purpose the 34,000 hl. from the condensers are used. There 
is needed still another pump to raise this water a few meters. If 
we suppose that 3 meters is the difference of level, then a 20-HP. 
engine is sufficient. 

The total quantity of steam needed for a beet-sugar factory 
slicing 300 tons of beets per diem, and working with a triple effect, 
is about 14,000 kilos per hour. If a quadruple effect had been 
used, the steam consumption per hour would have been 10,100 
kilos. If it is supposed that a boiler makes 15 kilos of steam per 
hour and per square meter, there would be needed 934 sq. m. of 
heating surface to furnish the steam for a triple effect, and 700 
sq. m. for a quadruple effect. In France a type of semi-tubular 
boiler of 150 sq. m. is used. There would be needed 7 boilers 
in one case and only five in the other. 

Fuel.—If 9 kilos of steam are obtained per kilo of coal, there 


4, : 
would be burned with the triple effect : a 1555 kilos of coal 


592 BEET-SUGAR MANUFACTURE, 


10,100 
9 
tion for a campaign of 90 days would be 3400 tons in one case, 
and for a quadruple effect 2520 tons. The cubical space needed 
for this coal may be calculated by remembering that in one cubic 
meter may be placed from 942 to 1328 kilos of coal, according to 

quality. 

Molasses.—The final molasses represents about 3 to 4 per cent 
of the total weight of beets sliced. There will consequently remain 
between 10,000 and 12,000 kilos of this residuary product per 
diem, or about 80 hl., that is, 7200 hl. for the 90 days’ campaign, 
which expresses the capacity which the tanks holding it must have, 
unless it is sold as made or put up in barrels. 





and with a quadruple effect =1120 kilos. The consump- 


Practical Data Relating to a German Beet-sugar Factory. 


(Slicing capacity, 400 tons of beets in 24 hours.) 


Sheds. 

Height of pile of beets above flume, 3 to 4 m.; floor space occu- 

pied by beets, 320 sq. m.; capacity, 5 to 600 tons. 
Washer. 

Capacity when working under normal conditions, 3 to 4 tons; 
length 7 m., width 2 m., velocity =15 revolutions per minute. 
Force needed =4 to 5 HP. 

Carrier and Shaker. 
Length 5 m., width 800 mm.; slant 2%; force needed=1 HP 
Beet Injt. 

Capacity of buckets, 15 1.; number of buckets emptied per min. 
ute, 75; diameter of chain links, 20 mm.; force needed =2 to 
> HP, 

Two-beet Slicers. 

Diameter of revolving plate, 1100 mm.; number of blade 

holders, 16 per plate; velocity, 70; force needed=10 HP. 
Diffusion Battery. 

Fourteen diffusors, capacity 4500 1.; diameter of juice and 
water pipes, 120 mm.; pressure of steam used for heating, 
0.3 to 0.4 atm.; diameter of steam valves, 40 mm.; heat- 
ing surface of each calorizator, 3.3 sq. m.; water pressure 
15 m. . 

Open Reheater. 
Heating surface, 120 sq. m.; steam pressure, 0.4 atm. 
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Cossette Press. 
Five KiLUsEMANN presses; force needed=2 to 4 HP. 
Carbonatation. 
First carbonatation, peHlsienttycl el 
Re Actual capacity, 18,500 1. 
Working capacity, 4000 1. 


Height, 2.750 mm. 
Actual capacity, 7700 1. 


Second carbonatation, | 
Working capacity, 4000 1. 


2 tanks. 


Inme kiln. 
KHERN type; capacity 22 cb. m. 
Carbonic-acid Pump. 

Diameter steam cylinder, 340 mm.; diameter pump’s cylinder, 
700 mm.; stroke, 650 mm.; revolutions, 36 to 42; force needed 
=33 HP. 

Double-scum Pump. 

Diameter of scum-pump cylinder, first carbonatation, 180 mm.; 
diameter of scum-pump cylinder, second carbonatation, 180 
mm.; diameter of water-pump cylinder, 100 mm.; stroke, 
400 mm.; revolutions, 36; force needed=10 to 20 HP. 

Filter-presses. 

First carbonatation, 4 filter-presses, 30 frames, 800800 mm. ; 
second carbonatation, 2 filter-presses, 30 frames, 800800 
mm.; 4 BreirreELD and Danek pocket filters, 725 mm.X 
1000 mm. (20 frames); 2 Krooa filter-presses for syrups, 
30 frames, 565590 mm. 

Evaporation. 

TRIPLE EFFECT, with vertical compartments of same size, 200 
sq. m. for each compartment; counter pressure of the en- 
gines, 0.40 atm.; absolute pressure in condenser, 0.1 to 
2 atm. 

Fore-evaporator. 

Heating surface, 150 sq. m.; heated with live steam at 2.5 
atmospheres pressure; pressure in juice chamber, 0.7 to 
1 atmosphere. 

Worthington Quadruple-action Pump Feeding the Fore-evaporator. 

Diameter of cylinder, 200 mm.; diameter of cylinder of en- 
gine, 175 mm.; stroke, 200 mm.; number of strokes going 
and coming of each cylinder, 36 per minute; counter pres- 
sure in the fore-evaporator, 0.7 to 1 atm.; force needed 
=3.6 HP. 
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Varied Pumps. 

Tandem pumps for forcing juice into reservoir of pocket filters, 
and for the syrup from the compartment before the last of 
the multiple effect; diameter of the pocket filter-pump 
cylinder, 200 mm.; diameter of syrup-pump cylinder, 120 
mm.; diameter of cylinder of engine, 260 mm.; stroke, 400 
mm.; revolutions, 60; force needed=10 HP. 

Ae Pump for Sulphuring. — | 

Diameter of compressing cylinder, 120 mm.; diameter of en- 
gine cylinder, 90 mm.; stroke, 160 mm.; revolutions per 
minute, 120; force needed, 2 to 3 HP. 

Dry-air Pump for Multiple Effect and Vacuum Pans (variable 
expansion, system Mrynr). 

Diameter of the pump cylinder, 700 mm.; diameter of cylinder 
of engine, 400 mm.; stroke, 700 mm.; degree of admission, 
0.3; revolutions per minute, 60; force needed, 20 HP.; 
vacuum obtained, 73.5 em. 

Water Pump for the Condenser (MrYER expansion). 

Diameter of pump’s cylinder, 480 mm.; diameter of engine’s 
cylinder, 350 mm.; stroke, 540 mm.; degree of admission, 
0.5 to 0.6; revolutions per minute, 27; force needed, 25 HP.; 
lifting capacity, about 4 cu. m. per minute at 22 m. height. 

Ammontacal-water Pumps (2 tandem pumps). 

Diameter of pump’s cylinder, 140 mm.; revolutions, 40; force 
needed, 2.5 HP. 

Syrup Pump Plunging Piston Drawing from the Last Evaporating 
Compartment. (Simple action worked by belting.) 

Diameter of pump’s piston, 100 mm.; stroke, 250 mm.; revo- 
lutions, 150. 

Vacuum Pans. (2 pans of the GREINER type for first sugars.) 

Heating surface, 80 sq. m. each; capacity, 23,000 1.; working 
capacity, 15,009 to 16,000 1. One after-product vacuum pan 
(vertical tubes): Heating surface, 60 sq. m.; capacity, 7800 1. 

Crystallizators in Motion. (4 double-bottom types.) Capacity, 

215,500 1. and 216,600 1. 

Centrifugals. (8 PiL% types.) 
Diameter of drum, 1000 mm.; revolutions =1100. 
One Crystallizator for Ajfter-products. 

Capacity, 15,000 1.; is used only for reheating massecuites in 
an emergency. 

Eleven crystallizing tanks. Capacity, 87,000 1. each. 


i oe) 
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Centrifugals for Ajter-products. 

There are two of these, which are of the same size as those of 

the Prté model. 
Steam Engines. 
Special for the Diffusion (MEYER expansion). 

Diameter of cylinder, 470 mm.; stroke, 680 m.; admission, 0.4; 
revolutions, 96; force needed, 65 HP. 

Engines for Centrijugals. 
Same diffusion; force needed, 55 HP. 
Engines for Lighting Purposes. 

Force needed, 25 HP.; SHunr dynamos; e.m.p.=105 volts; 
I=150 to 200 amperes. There are numerous other engines 
for fresh water and boiler feeding, also several extra pumps 
for an emergency. 

Boilers (6 tubular, D—E NA®ryYeEr type). 

Three with reheaters; total heating surface, 1500 sq. m. 
Five boilers are constantly working and one is being. 
cleaned 

One small boiler, with a superheater, through which passes the 

whole live steam (system LEINVEBER), 750 sq. m. 


FORMULA. 


The tables and formule given herewith are those which are 
of special interest to the technical sugar expert. Many of them 
are of CLAASSEN’S own work, and not to be found in other 
publications and sugar text-books of reference, or, if they do 
appear, they in most cases are more or less altered and are incom- 
plete. | 

Formule for the calculation of the weight of water, W, which 
should be evaporated from J kilos of juice of S° Brix, yielding a 
concentrated juice, S° Brix: 


w=s (1-8). 


Formule for the calculation of the quantity, Q, of concen- 
trated juice, or massecuite, at S° Brix, obtained from J kilos of 
juice at S° Brix: 


s 
Q=J 3 
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With the view to accurately calculate the quantities, it becomes 
necessary to take, in the foregoing formule, the actual percentage 
of dry substances, instead of the apparent percentage. 


Formule for the Calculation of Yvelds. 


Indications Ft, Zt, St, dry substances in massecuite, sugar, 
and after-products. 

Fp, Zp, Sp, polarization of the massecuite, sugar, and after- 
products. 

Fq, Zq, Sq, purity (actual) of the massecuite, sugar, and after- 
products. 

X, percentage of the yield to be determined. 

1. Hutia-SucHoMEL formula: 





5 Ap Gg ag) 
X= 1007708)" 
2. SCHNEIDER formula: 
Loree ak 
X =100 7p 
3. NEUMANN formula: 
Ft—St 

X =100 Fiat 


The formula (1) may be used in all cases, even when the swung- 
out after-product is diluted in various ways. On the other hand, 
the formule (2) and (3) can be used only in cases where the after- 
products have not been diluted during swing-out. 

4, Formula relating to the saturation of an after-product. 

An after-product saturated at the temperature, ¢, of an actual 
purity, g, has the following composition (water=W, sugar per- 
centage Z) when the conditions of saturation of a pure-sugar solu- 
tion is at the temperature t=L; (see Table 4) and that the coeffi- 
cient of saturation=c: 


rh) Eg 
e Lee ecole 


Ge (100-1) =. 
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If it is desired to determine the composition of a supersaturated 
after-product, the coefficient (c) in the above formula shouldbe 
multiplied by the coefficient of supersaturation (c): 


a q 
de L,c-c—0.01q° 


5. Formule for evaporation and reheating: 

(a) Total caloric of the saturated vapor, A=606.5+0.305¢; 

(b) Vaporization heat of the saturated vapor, r=606.5 —0.695¢; 
t in this case indicates the temperature of the vapor. 

(c) Quantity D of steam necessary for the evaporation of;1 kilo 
water when the temperature of the boiling juice is =¢,; 

When the temperature of the vapor is ta; 

When the temperature of the condensed water is tg: 


_ 606.5 —0.695t, 
606.5 -+0.305t, —te 


Or, again, if tg=¢,, which is nearly correct, 


_ 606.5 —0.695t, 
606.5 —0.695ta 


(d) Quantity D of vapor needed to reheat one kilo ofgjuice’in 
the reheaters, when the temperature of the vapor is at t,; 

When the temperature of the condensed water is at t,; 

When the temperature of the juice upon entering =11; 

When the temperature of the Juice upon leaving =te: 


D 


lg—ty 


= 506.5 +0.305—h, 


(e) Quantity D of vapor needed to reheat one kilo of juice 
through the injection of live steam, the temperature being the same 
as in (d): 
to—ty 


= 565 +0305) als 


Formula for the Condensation of Vapor. 


The quantity W of water necessary for the condensation of one 
kilo of water of evaporation when the temperature of the steam 


ta, 
When the temperature of the injected water=1,; 
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When the temperature of the exit condensed water =t,: 


_ 606.5 +0.305ta—ty 


Ww 
— 


Relation between Metrical and U.S. Standard Units. 


Inches. Feet. Miles. 
One millimeter (1 mm.)= 0.03937 000328 UL a= eae 
One centimeter (1 cm.) = 0.39371 0.032809 
One meter (1 m.) = 39.37079 3.280899 aie 
One kilometer (1 km.) = . Roe 0.62138 


1 m.~10 decimeters (dm.)= 100 cm.=1000 mm. 
1 km.=1000 m. 


Meters. 
One inch=0.0254 
One foot =0.3048 
One yard=0.9144 
One mile = 1609.3 


One square centimeter (1 sq. cm.) =0.1550 square inches. 

One square meter (1 sq. m.)=1550.4 square inches=10.77 
square feet. | 

One hectare (ha.) =10,000 sq. m.=2.4711 acres. 


Sq. cm. Sq. m. Ha 
One square inchia=— 6545 0) Glee 

One square foot =928.81 070920 ..0 eer centre 

One acre eae 4046.8 0.4047 

One square mile=.... 25898 .5 2.5899 

U.S: 

Cubic in. Cubicft. Standard 
gallons. 
One cubic centimeter (1 cb.cm.) = 0.061 ...... ...... 


One cubic.decimeter or liter (1 cb. 





dmcor 4.1) = 61.027 0:035 . |. sam 
One cubic meter (1 cb. m.) eae. 30.017 264.27 
1 cb. m.=1000 cb. dm.=1000 1.=1,000,000 cb. cm. 
One cubic inch =16.39 cb. cm. 
One cubic foot ee eee 28. O20 
U.S. standard “gallon 7s =="02- ee 3.785 | 
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Grains. Pounds. Cwt. 
One milligramme (1 mg.)= 0.015 eae Re ae: 32 
One gramme (1 g.) =15.432 ORO 2 2ameutren- matey. 
One kilogramme (1 kg.) =..... 2.2046 
One ton (1 t.) Stout A 2204 .6212 19.684 
1 kg. =1000 gr.=1,000,000 mg.=the weight of 1 1. of water at 
BAG: 
1 ton = 1000 kg. 
CPOE AI Fie sais 0.0648 er. 
Aer DOUNCL. Gs sale. 453 .6 gr.= 0.454 kg. 
One hundredweight -. 0... 4... 50.803 kg. 
(mere MOLE tON . cs is cor. ce eS 907.20 kg.=0.907 met. ton 
One lone ton. =... or LUG OG Kee OLG= 
One eres (1 kgm.) =7.2330 foot-pounds. 
One foot-pound =().1383 kgm. 


m degrees centigrade (n° C.) =$n degrees Réaumur 
=32+2n degrees Fahrenheit. 
nm degrees Réaumur (n° R.) =n ‘tae centigrade 
= 32+ 4n degrees Fahrenheit. 
n degrees Fahrenheit (n° F.) =3(n—32) degrees centigrade 
= 4(n —32) degrees Réaumur. 


One calorie=3.97 U.S. heat units. 
One U.S. heat unit =0.252 calorie. 


CHAPTER VI. 
SOME OF THE FACTORIES VISITED. 


Ir is of interest to give a general outline of some of the 230 
beet-sugar factories visited by the writer. 

The Cambria central factory, France.—This factory, com- 
bined with several rasping stations, is the largest in France, and 
gives an excellent idea of what is done in beet-sugar making under 
the best possible conditions. The situation of the central factory 
is excellent; it is near beet fields, coal mines, and a stone quarry, 
under which circumstances the raw material used may be had 
under economic conditions. A canal close at hand furnishes the 
needed water in abundance, and affords an economic method of 
transporting beets from distant farms. The central factory can 
work, combined with the work of the rasping stations, 3000 tons 
of beets per diem. There are 16 rasping stations whose maximum 
distance from the central factory is about 9 miles; the total length 
of pipes is 78 miles. Each of these stations may be considered as 
an annex; in it 300 tons of beets may be worked in 24 hours. The 
beets are washed before being weighed; the washer is sunk in the 
ground, so that roots may be emptied into it directly from the carts. 
The beets are then raised by an endless chain to the official scales. 
The slicers used have a special brushing attachment and the cos- 
settes fall upon an endless band and from it into the diffusors, 
which are arranged in two rows of seven. As the capacity of the 
diffusors is only 20 hectoliters, their working must be accomplished 
with considerable celerity. The water from an upper reservoir 
comes in contact with the cossettes, which are soon exhausted of 
their sugar. Each.diffusor holds about one ton of cossettes, from 
which there are drawn 11.3 hectoliters of Juice at a temperature of 
25° C. The residuum cossettes fall from the diffusors into a pit 
beneath the battery; they are carried from this by an endless chain 


with buckets, and emptied into a trough containing a revolving 
600 
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helice, which distributes the product into four KLUSEMANN presses, 
preparatory to being fed to cattle. 

The sanitary laws in the Department du Nord, France, are most 
severe respecting the emptying of waste water into running streams, 
and the entire waste water from the factory is consequently dis- 
tributed upon adjoining lands. The juice from the annex factories 
is pumped into the large reservoir, 4000 hectoliters capacity, of 
the central factory. It is then run through a tubular heater, re- 
ceiving its steam from the third compartment of the triple effect, 
and is subsequently received in the four carbonatation tanks, 
having each a capacity of 500 hectoliters. The two second car- 
bonatation tanks have also 500 -hectoliters capacity; their heating 
and carbonic-acid distributors offer no features of special interest. 
The carbonatated juice is run through 22 filter presses with 840 
frames. The scum pumps are automatic and cease working at a 
pressure of 3 kilos. This juice is again filtered in pocket filters 
and is run into the triple effect. The total heating surface of that 
apparatus is 4000 sq.m. The first compartment has a capacity of 
683 hectoliters; the second, 872 hectoliters; the third, 1052 hec- 
toliters. It is possible to evaporate 3200 to 4000 tons of juice 
to a thickness of 25° Bé. in 24 hours. 

The triple effect is worked on a new basis, which consists in 
drawing the juice into the third compartment instead of the first, 
the object being to eliminate at once the ammoniacal vapors, 
which are so destructive to the copper tubes in the first and second 
compartments when working by the customary methods. A 
special pump forces the juice into the first compartment, under 
which condition it becomes the second in the series; the evapora- 
tion thus terminates in the second compartment, which becomes 
the third. Two pans of 1077 hectoliters capacity are needed for 
graining, but only 680 hectoliters of syrup are worked at a time, 
this volume being that of the waiting tank for syrups. The graining 
lasts nine hours, including the emptying of pan. The massecuite 
is distributed into the centrifugals by a special automatic apparatus. 
There are six rows of seven centrifugals, 28 of these being for first- 
grade sugars and 14 for second grade. The swing-outs have a specific 
gravity of 36° Bé. They are diluted to 22° Bé., and are then grained 
for 12 hours. ~ 

The lime kiln of the Campria central factory has a capacity of 
580 cu. m., which is not large enough for the work to be done. 
This plant with its rasping stations gives employment to 2000 
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men and children and turns out more than 300 tons of sugar per 
diem. | 

Venizel.—This factory is interesting as having been among the 
first to introduce the GRossE process. | 

At VENIZEL the juices extracted from the beets during diffusion 
at 30° C., and having a density of 5°, are combined with lime until the 
alkalinity corresponds from 22 to 25 grams per liter; the tempera- 
ture is then raised to 70° C. by being run through a heater receiving 
the vapors from the fourth compartment of the evaporating ap- 
paratus. The juices are then run into the first carbonatation tanks 
{which operation continues until the alkalinity corresponds to 0.1 
gram per 100 cu. m., at a temperature of 90° C.), and then through 
a filter press, from which they flow into the second carbonatation 
tanks, the liming being continued until the alkalinity corresponds 
to 0.05 gram per 100 cu. cm., the carbonic acid reduces this alka- 
linity to 0.03 gram per cu. cm., and the juice thus treated is boiled 
and twice filtered. The hot syrup upon leaving the evaporator is 
at 25° Bé., and to it are added the second-grade remelts, the whole 
being then submitted to a sulphitation. This operation is continued 
until the product is nearly neutral, when the syrup is reheated and 
submitted to a mechanical filtration before entering pan. The 
working in pan offers no special interest. The massecuite, when 
worked in centrifugals, gives one grade of superior white sugar. 

The swing-outs, or first syrups, are again put through a sul- 
phuring until neutral. The mechanical filtering under about one 
meter pressure is the next operation, and the final one before enter- 
ing the waiting tank in connection with the Gross& pan. In these 
tanks the temperature is kept up by a system of steam injection. 

The Gross& vacuum pan is rather higher than the regular ap- 
paratus. In the interior and on the axis of the pan is a vertical 
shaft with arms, used as agitators, which are placed at distances 
from each other varying with the type of pan; the motion is given 
to the shaft by gear wheels, while at the lower part of the pan are 
arranged a series of steel coils, through which steam circulates. 
At the VenizEL factory 250 tons of beets are worked per diem, and 
two pans were used, having each a capacity of about 240 hl. of 
massecuite. Beneath these appliances is arranged a mixer of a 
capacity corresponding to one strike; from it the product is run 
into centrifugals. The product to be worked had a purity of 78 to 
83. The graining is accomplished without the slightest difficulty, 
but frequently toward the end of the operation, as comparatively 
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rich syrups are added, false grain is necessarily formed. This may 
in a measure be overcome by using the molasses from a previous 
operation instead of the syrup. From this time forward the process 
is very simple. Into the Gross& pan are drawn the first-grace 
swing-outs, and the volume of the product is sufficient to make 
a very small strike, which is kept slightly fluid at the end. 

The operation now consists in allowing the mass to gradually 
cool to 50° C., during which period enough water must be evaporated 
to keep the product at a saturation point. In order that the work be 
entirely satisfactory it is necessary that the evaporation in question 
be extended over the longest possible period. If the regular grain- 
ing lasts 18 hours, the final exhausting period should continue for 
40 hours. The results obtained at the factory in question were 
12.2 per cent white sugar and 4.44 per cent molasses containing 44 
per cent of sugar. The final sugar expressed as refined was 12.5 
per cent of the weight of the beets worked. The average composi- - 
tion of all the molasses obtained was: saline coefficient, 5.10; purity, 
60.5. The resulting massecuite by the Gross& method was easily 
worked in centrifugal. The second-grade sugars obtained had 
crystals of an average size and were very dry. It is important to 
note that in consequence of the special location of the second series 
of centrifugals at the VeNizmL factory it was essential to produce 
very dry sugars, so they would not clog the carrier during their 
passage to the upper floor. The result was in this special case that 
the second-grade syrups were very much richer than they would 
be in other well-combined plants working by this method. 

The Chevresis-Monceaux factory.—This factory works from 
18,000 to 20,000 tons of beets during the campaign. Farmers are 
the principal owners of the enterprise; they are paid for their beets 
at prices that depend upon the density of the juice and the market 
selling price of sugar. Residuum scums and pulps are purchased 
at prearranged prices. 

Beets as they arrive in carts are weighed and then emptied into 
special covered silos, the bottoms of which communicate with five 
hydraulic carriers 400 feet long. They are raised to the washers by 
an endless screw, and a centrifugal pump carries the water from 
the washers to the adjoining fields. After washing, the beets are 
thoroughly brushed, then officially weighed. The slicer has a 
diameter of about 1.40 meters. The diffusors have each a capacity 
of 24 hectoliters, and are heated by tubular calorizators. The 
diffusion is conducted at a temperature of 70° to 75° C. Each 
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diffusor has 250 grams of sodic carbonate added before filling. 
From the diffusors is taken 124 liters of juice per 100 kilos of beets. 
The total loss in sugar during diffusion is 0.20 per cent of the weight 
of the beets. From each diffusor a sample of fresh cossettes is taken 
for analysis to determine the amount of sugar entering the factory. 

The sulphurous-acid treatment commences. on the raw diffusion 
juices, which are taken into special measuring tanks, from which 
they are run into lead-lined cylinders. The sulphurous-acid gas, 
after having passed through the Juice, escapes outside of the factory. 
The juice becomes considerably decolorized, and 2.4 kilos of lime 
per 100 kilos of beets are added, after which it is forced through 
special heaters at 65° C., heated with vapors from the second com- 
partment of the multiple effect. The carbonatation that follows 
continues until there remains 0.09 to 0.092 gram of calcic oxid per 
100 cb. cm. . 

The juice and precipitate is filtered under pressure in filter 
presses. The filtrate is run through linen cloths and limed again. 
Heating to 95° C. is the next operation. This is followed by the 
second carbonatation, when the saturation is continued to 0.067 


or 0.068 gram of lime per 100 cb. cm. of juice. Special pumps force. 


the doubled carbonatated juice through the second series of filter 
presses. The scums are mixed with the troubled juices of the first 
filtration, and the clear juice is filtered in special mechanical filters 
before the third carbonatation, where it is mixed with the swung- 
out syrups from centrifugals properly treated by sulphurous acid. 


The saturation must continue until there is an alkalinity of 0.024 


to 0.026 gram per 100 cb. cm. The boiling of the mixture is very 
important; a small quantity of Solvay soda when added appears to 
produce a beneficial effect. Two special filtrations follow. The 
clear juice is heated to 105° C. from vapors of the first compartment 
of the quadruple effect, and is subsequently run into that same 
compartment. The first compartment of the evaporating apparatus 
has a heating surface of 90 sq. m.; the three other ones have each 
150 sq. m. heating surface. The vapors from the second compart- 
ment heat the first, second, and third carbonatating tanks. 

The condensed ammoniacal waters are used in the boilers, of 
which there are seven, having a total heating surface of 900 sq. m. 
The syrups on leaving the third compartment of the quadruple 
effect weigh about 15° Bé.; they are forced by a special pump into 
the sulphurous-acid appliance, where the alkalinity of 0.016 gram 
of lime per 100 cb. em. is reached. They are then heated and twice 
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filtered and returned to the fourth compartment, upon leaving 
which they test 25° Bé. Heating to 90° C. and mechanical filtra- 
tion is necessary before sending to the waiting tank in connection 
with the two vacuum pans. The graining in these continues until 
80 hectoliters is obtained, when 70 to 75 hectoliters of inferior 
syrups from centrifugals, that have undergone the sulphurous-acid 
treatment, are added. The graining continues until the product 
contains 6 to 7 per cent of water. The cooling and special mix- 
ing lasts six hours, after which the product is run into the cen- 
trifugals, the poor and rich swing-outs being kept separate. 

After all this complicated treatment the sugar obtained is of a 
very superior quality and color. The method is more expensive 
than several other processes, but in some respects there is an econ- 
omy. The quadruple need not be cleaned until over 10,000 tons of 
beets have been worked at the factory, and the fact that the pipes, 
etc., of this apparatus are almost entirely free from deposits is 
evidence in itself that the juices, etc., must have been well freed 
from impurities. 

Tremblay-lez-Gonesse.—At this beet-sugar factory the baryta 
process has been introduced with some success. The factory has a 
Riedel diffusion battery, each diffusor having a capacity of 18 hl.; 
160 tons of beets were sliced per diem; from each diffusor 115 
liters of juice at 5° density and 40° C. were drawn off for every 
100 kilos of beets sliced. The object of baryta was to increase the 
daily working capacity without any special change in the plant. 
The amount of lime used was about 1.2 kilos per 100 kilos of beets, 
while the quantity of baryta was 0.8 kilo per ton of beets. For 
second carbonatation there was used 0.5 kilo of lime per 100 kilos 
beets. One and one half kilos caustic lime, to which is added 0.1 kilo 
caustic baryta, produce the same epurating effects as 2 kilos of lime. 
The sugar in the former case was dryer and crystallized more rap- 
idly than in the latter. It is said that the volume of residuum 
scums is 2 per cent less with baryta than with lime alone. After 
double carbonatation and several filtrations the juices are sent 
to the triple effect. The syrups leave at 24° Bé., and are then sub- 
mitted to a sulphuring, etc. 

Sainte Marie Kerque factory.—This factory offers some special 
points of interest, as the after-products are returned to vacuum pan 
in varied amounts. This plant slices 600 tons of beets per diem. 
The diffusion battery is in two sections, and there are drawn from 
the diffusors 110 liters of juice per 100 kilos of beets sliced. There 
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are 18 diffusors of 38 hl. capacity. The division of the battery is 
obtained in a very clever manner, with the view of obviating the 
semicircular revolution of the hopper connecting with the slicer 
when filling the diffusors. The diffusors 1, 3,5... 17 communicate 
with each other and form one battery,! while the diffusors 2,4,6... 
18 form the second battery. 

There are five carbonatation tanks, three for the first and two 
for the second. Each tank is 5.50 m. high (2 m. height of juice), 
3.50 long, and 1.20 wide. The volume of juice is 75 hl. The dis- 
tribution of gas is effected through two semicylindrical pipes. ‘These 
carbonatators need little or no cleaning, and there is very little de- 
posit. The scum filtration is done with 4 filters, having interior 
frames of an area of one square meter; there are fifty frames. 
The scums from second filtration are mixed with the juices of first 
carbonatation. A very simple combination closes all the exit open- 
ings of the filter press in one operation. 

The quadruple effect works as follows: First compartment, 
pressure 0.1 kilo; second compartment, 19 cm. vacuum; third, 
43 cm. vacuum; and fourth, 67 cm. vacuum. The fourth com- 
partment has a continuous test-tube attachment, which connects 
with a force pump and gives at any instant the density of the sam- 
ple of syrup. The fourth compartment has a sugar arrestor of a 
new design, and is said to have resulted in considerable economy 
from a practical standpoint, the sugar arrested amounting to 1500 
kilos per diem. The recuperator has 68 divisions over which the 
steam is obliged to travel on leaving the evaporating apparatus. 

The first compartment is connected with a reheater or the so- 
called circulator, with a heating surface of 20 sq.m. The heating 
is as follows: The limed diffusion juice is forced through three 
reheaters, each of 40 sq. m. surface. They are heated with the 
vapors of the second compartment. The carbonatated jyices of 
the first carbonatators are heated from 60° to 85 C°. in two re- 
heaters of 40 sq. m., which receive their heat from the first com- 
partment. The juice before second carbonatation is brought to 
95° C. by two reheaters, heated with steam from the first com- 
partment. ‘The syrups before filtration are raised to 98° C. in a 
circulator heated with steam from the first compartment. 

The two vacuum pans have each a capacity of 200 hl., and con- 
nect with the central dry-air pump. The method of graining is 


1 See Chapter on Diffusion. 
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very systematic in its working, and has given most satisfactory 
results. The first strike is made with 72 hl. syrup, which is at a 
density of 22° to 25° Baumé. After-products and syrup in varying 
proportions are then introduced. As a first charge 47.5 hl. syrup 
and 2.5 hl. of after-products from first swing-outs are drawn into 
the pan. Then the syrup and after-products are introduced in 
the following proportions: 45 hl. syrup and 5 hl. after-products; 
37.0 hl. syrup and 12.5 hl. after-products; 32.5 hl. syrup and 
17.5 hi. after-products; 27.5 hl. syrup and 22.5 hl. after-products. 
The graining continues until the mass contains 5.5 per cent 
of water. Then follows the sixth introduction of syrup and 
after-products, 32 hl. of the latter. The mass is run into 
five Racor and TourNEvR crystallizers of 230 hl. capacity, and 
after three hours mixing there is added 15 hl. after-products; 
twelve hours afterward the ninth charge of after-products, 15 hl., 
and the working in centrifugals follows. In twelve hours the 
temperature falls from 80° to 40° C. This period could be still 
further reduced by resorting to special cooling. 

The after-products used are previously prepared in a tank of 

52 hl. capacity and mixed, the heating being done with steam. 
The temperature of the product should be that at which the pan is 
working when the after-product is introduced. Each graining lasts 
five and one-half hours, and five and sometimes six strikes are 
made in twenty-four hours. All the after-product obtained is not 
utilized. There remains 1.5 liters per 100 kilos of beets sliced. 
This residuum has an actual purity of 69 to 70 and a saline co- 
efficient of 6.2. The farm connected with this factory is 400 hectares 
(1000 acres). The rotation is first wheat, oats, clover, and then 
beets for seed. The wheat gives a yield of 45 to 55 hl. per hectare 
(about 45 to 54 bushels to the acre). ‘The average yield of beets 
is 45 tons per hectare, or 18 tons to the acre. ‘The fertilizer used 
for the beets is one ton per hectare (2.5 acres) of powdered defeca- 
tion scum, distributed in January or February, and 400. to 500 
kilos (800 to 1100 lbs.) of sodic nitrate used at time of seeding; 
when fall plowing with barnyard manure (turned under) is resorted 
to the defecation scums are not used. 

A visit to the Meaux (France) beet-sugar factory.—The Meaux 
beet-sugar plant is an excellent example of* a well-managed central 
factory, the location appearing to meet the requirements for the 
transportation of 300 tons of beets per diem both by rail and water. 
There are twelve slicing stations, the juices from which are handled 
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at Mmaux. During an average campaign the factory works an 
equivalent of 2300 beets per diem. The beets delivered by boats 
from the river MARNE are carried by an overhead wire rope to the 
yards of the factory. A small cemented suspended dock holds 
the boats for the delivery of beets received by the Ource Canal. 
The beets are taken from these and loaded into mono-rail sus- 
pended cars, the slant being sufficient to assure their motion, and 
the roots are then emptied into a large shed. At any desired spot 
the slanting track forms a loop, and the empty cars are pushed 
up to a certain elevation, from which they run back to the loading 
station. For this manceuvre only one man is needed. 

The hydraulic carrier is placed at the bottom of the shed at the 
factory end of the sluice; the beets are raised at the same time as 
the water and emptied into a Macuin washer. ‘The first of these 
has two stoners, one in front and the other behind. ‘The beets are 
then thrown by a spiral carrier into a second washer, of very much 
the same construction as the first. At Mmavux great stress is placed 


on the thoroughness of the washing. The soil on which most of the - 


beets are cultivated is argillaceous, and, despite all efforts, a certain 
amount of clay continues to adhere to portions of the surface 
especially in the case of irregular-shaped beets. The roots upon 
leaving the washer pass upon a shaker and carrier, to be subse- 
quently raised by a bucket and band lift to the automatic scales, 
and from these they pass into two hoppers, each of which 
feeds a vertical beet slicer of the Macurn model previously 
described. 

The cossettes obtained are very satisfactory, and the principal 
advantages of this slicer are the facility and rapidity with which the 
slicing blades may be changed. The blades or knives of the factory 
and those of the several slicing stations are all sharpened on special 
emery wheels. The blades that are exceptionally worn or have broken 
edges are cut witha specially hard steel tool. Eight automatic PutscH 
sharpeners do the preliminary work, which is finished with the Ma- 
GUIN appliances. To facilitate the work the blades are distempered 
and then tempered in four special furnaces. A very careful system 
of bookkeeping is conducted in connection with the blades, follow- 
ing their history in great detail from the moment they are adjusted 
to the slicer until worn out. Beside the sharpening plant are the 
very complete repair shops, the general arrangement and lighting 
of which are alone worth a visit to Mravux; the turning lathes, for 
example, can handle pieces 2.5 meters in diameter, and modern 
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machines are arranged so as to meet any emergency that may 
arise in this model sugar factory. 

The cossettes, upon leaving the slicers, fall upon a rake and band- 
carrier, and are distributed into the diffusors of a battery of the 
PFEIFFER type; there are 12 diffusors, the capacity of each being 
35 hl. The upper closing doors have a considerable diameter and 
are balanced by counterpoids; their handling offers no difficulty, 
a hydraulic joint assuring a satisfactory tightness. The battery is 
emptied by the use of compressed air, a compressor forcing the air 
into a reservoir of 79 hl. capacity. ‘To eliminate the necessity of 
stopping or taking off the compressor when the desired pressure 
is attained, a safety valve acts upon a special register, which is so 
arranged as to place both sides of the piston in communication, 
and thus the compressor works without absorption of motive power. 
To empty the diffusor the hydraulic apparatus closing the bottom 
is opened and the compressed air is introduced, the emptying last- 
ing about one minute. The entire contents is sent into a double- 
bottom reservoir, from which a spiral carrier feeds the residuary 
cossettes into three BeRGREEN presses. About 0.25 per cent of 
sugar is left in this product, which is turned over to the farmers, 
who feed it to their cattle. The juice from the slicing stations is 
sent to the central factory through pipes of 100 mm. in diameter; 
this diameter at the factory end is 200 mm. To prevent, as far as 
possible, any alteration during its underground transit, 1 per cent 
of lime is added, which is increased with 0.5 per cent upon reaching 
its destination. The latter is a milk of lime prepared in a 
LACOUTURE mixer. 

The Mravux lime kiln has a capacity of 500 cb. m. and is 22 m, 
high; it is of a French continuous type, in which the limestone 1s 
cooked by direct mixing with coke. The stone used comes from 
Andenne, Belgium; it has a bluish hue, and contains about 99 per 
cent of lime carbonate. During cooking, approximately 9 per cent 
of coke is added. The entire volume of juice is combined with 
24 per cent of lime, and carbonatated in four enormous tanks of 
the Listre and Vivimn model, each having a working capacity of 
350 hl.; the final alkalinity is 0.120 per cent of CaO (phenolphthalein 
test). Two double-acting scum pumps, with automatic plungers 
of the CarL type, force the cloudy juice into 15 filter presses. The 
frames of each of these monster presses have an area of 1 sq. m. 
The closing of the presses is started by a hand wheel, which brings 
the frames nearly together; this is followed by a pressure exerted 
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by two levers, the arms of which may be opened or separated with 
a right- and left-threaded screw. Before being submitted to the 
second carbonatation, the juice is run through seven of the double 
KasaLowsky filters, then 0.25 per cent of CaO, in the form of milk 
of lime, is added. The second carbonatation is accomplished in 
three tanks of 300 hl. working capacity of the same construction as 
those used for the first carbonatation, the operation continuing until 
there remains 0.35 per cent of CaO. 

An electrical pump forces the juice, under the pressure of 1.5 
atmospheres, through five monster filter presses of the same design as 
previously described. This pump absorbs 115 volts x 150 amperes = 16 
kilowatts. The juice is then submitted to a sulphuring in a QUAREZ 
apparatus, there being four of these placed side by side. A double- 
acting pump of the Burton type forces a continuous circulation 
of the juice in the sulphurer, the operation continuing until an 
alkalinity of 0.28 per cent CaO is reached. This alkalinity is regu- 
ated by the more or less rapid working of the pump, the juice 
entering and leaving in a continuous stream during this sulphuring. 
When there is a stoppage in one of the phases of sugar extraction, 
the pump is stopped and the juice connection with the sulphurer 
is closed; the juice is then run through seven additional KasaLow- 
sky filters and into a quadruple effect of the Catz model. ‘The total 
heating surface of this apparatus is 2480 sq. m., which means 
13,000 tubes unequally distributed through the different compart- 
ments, depending upon the volume of circulating vapor of each. 
One of these compartments has a diameter of 5.5 meters. It is to 
be noted that their manufacture is exceptionally difficult, owing to 
the fact that the bronze tube plates are of one piece, and of a size 
far greater than most turning lathes can accommodate. 

The evaporating apparatus has automatic juice-level regulators. 
The vapors from the last compartment are sent to a central baro- 
metric condenser, which is used for all the evaporating and graining 
apparatus. Two centrifugal pumps supply the injecting water 
to the condenser at the rate of 750 liters per second, or 65,000 cb. m. 
per diem. Three moist-air pumps draw the non-condensable gases 
from the barometric condenser. These pumps have undergone 
certain changes in their construction in order to be used as dry-air 
pumps. | 

The syrups, upon leaving the multiple effect, have a concentra- 
tion corresponding to 25° or 26° Bé., with an alkalinity of 0.270 
per cent; to these are combined the rich after-products from the 
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centrifugals, which have a purity of 77 to 78. The second-grade 
sugars are also added; the syrup is then at 27° Bé., and is sulphured 
until the alkalinity is 0.08 per cent CaO. The test in this case, 
owing to its neutrality with phenolphthalein, is litmus-paper or 
liquor; 0.05 per cent Kieselguhr is then added, and this is followed 
by a heating in two open reheaters with suitable agitators, the syrup 
then being run through six filter presses. The Kieselguhr is regen- 
erated in boneblack kilns; the organic matter that was absorbed is 
thus burned, and the carbon formed on the surface of the carapaces 
of the infusoires, of which they are made up, acts as a decolorizing 
substance for the juice. 

The graining is accomplished in four vacuum pans, two of which 
have a working capacity of 700 hl., and the two others a working 
capacity of 450 hl. The pans are vertical and have a coil heating 
surface. These four pans, also the three apparatuses used for 
graining the after-products, connect with the barometric con- 
denser. In graining in pan, it is important that {the apparatus 
should have vacuum- and temperature-recording appliances; and, 
while the exact mistake made by the pan man may not be discovered, 
one may learn whether or not anything abnormal has occurred 
during the operation of graining. The massecuite is kept very fluid 
from start to finish. At the end of the strike, about 40 per cent of 
the low-grade after-products are introduced into the pan, the opera- 
tion continuing until the final product contains only about 10 per 
cent of water. 

This massecuite is run into the mixers at 85° C. The apparatus 
in question is the Racot-louRNEuR device, previously described, 
the coils, through which circulate water, permitting any desired 
cooling to be obtained. There are 10 of these mixers, each of which 
has a capacity of 250 hl. The gradual cooling is effected in eight hours 
ata temperature of 45° C.; during this operation a small quantity of 
diluted after-product is added to keep the mass very fluid. After 
cooling, there is not the slightest evidence of viscosity. A suitable 
hopper feeds the massecuite lift that empties the product on a spiral 
carrier placed over the centrifugals. For the swing-out of the 
“first”? there are 40 centrifugals, receiving their motion on top 
either from a belt or an electric motor. The electric centrifugals, 
during the period of starting, consume 105 amperes at 115 volts; 
after an interval of 35 seconds the required speed of 1100 revolu- 
tions per minute is attained, the apparatus then absorbing only 16 
amperes at 115 volts. The load during each swing-out is 60 to 75 
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kilos. The after-product is at once separated and a steam-washing 
follows. As the after-products leave the centrifugals, there is a sort 
of automatic classification. The syrups run upon a balanced plate; 
at first there is an abundant flow and the distribution is made in the 
first gutter. After a short interval the quantity decreases; the after- 
product is then richer, and the distribution is made in the second 
gutter. The latter syrups have a purity of 77 to 78, while the former 
are at 70 to 71. A gang of 12 men can satisfactorily operate the 
centrifugals, as the sugar-emptying is done on top. M. Ragort, 
the manager, has substituted heavy copper ladles for aluminum, 
the actual muscle-saving for the men being estimated at 16,000 
kilogrammeters per diem. 

The white sugar thus obtained is very dry, and is raised to the 
sugar loft by an endless inclined band on which there are linen 
pockets; the sugar crystals are not broken during the transit. 
Four sugar mixers remove all possible difference in the shade of 
color that may exist in the swing-out load from each centrifugal. 
These sugar mixers have radial divisions and a spiral distributor, 
and each section is successively filled. At the bottom there is but 
one hopper, upon which is a conical attachment from which the 
sugar is emptied into the bags. The sugar loft has a capacity of 
2800 bags, and for special fiscal’ reasons it is filled and emptied 
daily. When the bags are weighed and closed with special leads, 
they are slid on to a ropeway which slants in the direction of the 
canal boat previously mentioned, this transportation demanding 
an electro-motor of 3 H.P. 

The low-grade after-products have an alkalinity of 0.24 per 
cent CaO. They are submitted to the QuAREz continuous sulphur- 
ing until their alkalinity is reduced to 0.14 per cent as tested with 
litmus, 0.05 per cent of Kieselguhr then being added to the after- 
products, which test 31° Bé. They are heated in open reheaters 
with suitable mixing attachments, and are then run through five 
PururppE double filters The after-products thus obtained have a 
satisfactory amber color, and might readily be mistaken for the 
syrups from the multiple effect. A part of these is returned to the 
first pan, while another portion is grained in the second pan. The 
graining nucleus represents 8 per cent of the whole strike, and is 
obtained with pure syrup in a special, small vacuum pan. Con- 
siderable grain is obtained, the mass then being run into one of the 
after-product pans. These are vertical appliances, each having 
450 hl. working capacity and being heated with steam coils. The 
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graining is done slowly and the mass is kept very fluid. The strike 
is completed when there remains 10 to 11 per cent of water in the 
massecuite, which has a purity of 70 to 71. It is emptied from pan 
at 85° C., and falls into a series of 10 mixers of the same construction 
as those used for the first, each having a capacity of 250 hl. The 
product is gradually cooled in 36 hours at the temperature of 35° C. 
When necessary, a small quantity of diluted after-product is added. 
The coefficient of supersaturation of the mother liquor is kept 
low, so as to allow it to crystallize without becoming viscous, 
Under these conditions it is possible to lower the ultimate after- 
product that is considered molasses, so that its purity is only 58 to 
09. At Mnavx this product is sold for $16 a ton if it polarizes 50. 

Three days after the last beets are sliced, all the products of 
the factory are cleared up. The massecuite of the ‘‘seconds” falls 
directly into the Breguet electrical centrifugals. The sugar, at 
94° to 95° polarization and a 90° to 92° refining yield, is rapidly 
separated from its adhering syrup, and is at once melted with 
diluted juice in a funnel. The resulting syrup is at 27° Bé., and is 
mixed with the concentrated juice in the multiple effect, and, with - 
it, is submitted to a sulphuring. The boilers are arranged in two 
batteries, one of 22 semi-tubular boilers, each having a heating 
surface of 160 sq. m., and working under 5 kilos pressure. The other 
series consists of six boilers, each having 250 sq. m. heating surface 
and working under a pressure of 8 kilos. They furnish the steam to 
six Lava. turbines revolving at a velocity of 12,000 revolutions per 
minute. All the water needed for the factory is furnished by two 
centrifugal pumps at the rate of 750 liters per minute, which is 
received in a cemented reservoir of a capacity sufficient for the 
factory’s running during 20 minutes. 

Nordstemmen (Hanover).—While many of the methods used in 
the NorDSTEMMEN factory, at the time of-the writer’s visit, have 
now become obsolete, a description of this well-known plant may still 
prove interesting. Through the large beet-sheds a narrow channel 
of water circulates, the center of which is used for the preliminary 
washing of roots. The juices appeared to be of excellent quality, but 
a large quantity of boneblack, 16 to 20 per cent of the weight of the 
beets, was used. The beets were almost perfectly uniform, their 
average weight being about 400 grams, and the skin hard and 
compact; notwithstanding the lateness of the season, the beets 
were in a perfect state of preservation. 

At the factory under consideration, Herr BoDENBENDER’s elu- 
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tion method was used with considerable success. It consisted in 
mixing lime with the molasses, and then washing the saccharate 
with diluted alcohol. The latter dissolves out the salts and organic 
substances, and there remains, as a final product, a saccharate of 
lime, used subsequently in the carbonatation and purification of 
the juices. 

The NorRDSTEMMEN sugar factory worked about 16,000 kilos of 
molasses per diem, some of which was purchased. The operation 
of preparing the saccharate was as follows: 150 liters of water, 
heated to 60° C., were combined with 108 kilos of pulverized lime, 
properly screened, and 350 kilos of molasses, marking 75° Brix. 
The compound was thoroughly mixed for fifteen minutes in a suit- 
able apparatus, the hot mixture being run into rectangular tanks, 
where it cooled for twenty-four hours. The resulting product was 
hard, and, after being cut by a suitable machine, the thin slices were 
used in the elution. There were 16 elutors, having each 150 hecto- 
liters capacity. Alcohol, at 40°, entered the elutor, which had been 
previously filled with the molassate slices. The alcohol passed, 
first of all, upon those slices, having been previously washed; then 
into the second elutor, etc., ending with the one containing the 
most impure saccharate. ‘The impurities, as previously explained, 
are soluble in alcohol, and the final saccharate obtained was very 
pure. The molassate of lime being added to the beet juices, a large 
quantity of the sugar contained in the molasses was extracted. 
The alcohol having the impurities in solution was distilled, and 
again used, the residuum forming an excellent fertilizer, which 
_ was in great demand. 

The losses during the processes of manufacture were as follows: 


0.37, cossettes. 

0.12, waste water of diffusion. 
0.24, scums of carbonatation. 
0.11, boneblack. 

0.56, unknown. 


Total loss, 1.40 sugar per 100 kilos of beets. 


The total sugar extracted from 100 kilos of beets amounted to 
11.19 kilos, of which 9.79 kilos were first-grade and 1.40 kilos second- 
gerade sugars. | 

Trotha (Saxe-Prov.).—In order to compare with the working of 
the NoRDSTEMMEN factory, this plant may be described. Manoury’s 
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elution method was used there, which, as previously explained, 
consists in forming a molassate of lime, then washing the latter with 
diluted alcohol. The molassate, after its impurities were eliminated, 
was used in a manner similar to other elution methods previously 
described. It must be said, however, that, instead of producing 
blocks of the molassate, as at NorDsTrEMMEN for example, the 
molassate of lime wasat once produced in porous lumps, which 
miczht be rapidly washed. 

The preparation of lime by the Manoury method consisted in 
immersing the caustic lime for a short time in water, and subse- 
quently pulverizing it.. It then fell into a reservoir placed over 
the mixer, and in communication with the latter was a tank contain- 
ing the molasses at 45° Bé., one-half per cent of soda having been 
added. The whole was heated to 87° C., during which time the 
lime salts of the molasses were changed, some into organic soda salts 
and carbonate of lime. To about 150 kilos of this molasses were 
added 600 kilos of pulverized lime, and the resulting molassate of 
lime was placed on a sieve; the granulated molassate went into 
the elutors, having false bottoms, and exhaust steam was introduced. 
Five elutors were connected with one condenser. The circulating 
alcohol, at 40°, was introduced into the battery, and remained in 
the elutors about one hour, the salts and organic substances being 
in that time eliminated. This operation ended, steam was intro- 
duced, the remaining alcohol distillated, and the saccharate of lime 
liquefied, running from the elutor to be subsequently used in defe- 
cation. The residuum of the distillation was used for the manu- 
facture of potassa. The yield was 35 kilos of crude sugar at 94° 
per 100 kilos of molasses. The saccharate obtained contained 95 
parts pure lime for 100 parts sugar, and was used in the defecation 
in the proportion of 37.5 liters of saccharate to 31 hectoliters of 
juice, or 12.5 per cent of the liquid saccharate of lime. The expense 
of the method was said to be about one dollar per 100 kilos of 
molasses worked. This procedure was said to have several ad- 
vantages, especially in rapidity. 

One of the interesting features of the Trotua factory was, that 
the purification of the juices was accomplished very quickly, the 
first defecation lasting but seven minutes, and the second only 
three minutes. At the TrorHa, as at most German factories, the 
juice, on leaving the diffusors, ran into two tubular reheaters. The 
first of these received the vapors of the triple effect before they 
entered the condenser; the second heated the juices by steam to 
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a temperature of 45° to 80° R. It is said that a coagulation of the 
albumen of the juice is effected during the heating, which explains 
why the carbonatation befcre mentioned lasts for so short a time. 
Sulphurous acid is used to decolorize the juices. 

The Culmsee beet-sugar factory.—This factory, destroyed by 
fire two years ago, was visited by the writer some years since; but 
the information then obtained is not now up to date. However, 
some recently published data referring to this biggest German 
factory will prove interesting. The Cu~mspe Stock CoMPANY 
was organized over twenty years ago, and underwent considerable 
changes for some years, when its slicing capacity was increased to 
2500 tons per diem. : 


DATA FOR THE CULMSEE FaAcTORY. 


Data. 1900-1901. | 1899-1900. 











Total area (acres) cultivated in beets for the factory. 12,7738 11,938 
Beets sliced during the campaign (tons)........... 117,000 159,758 
Yield of:beets per-acre (tons)/ 324.72). es a ee 9 13.3 
Duration of the:campaign (days)... ae ae ee 59 74 
Weight of beets worked per diem (tons)........... 2,318 2,402 


From these figures we conclude that the CULMSEE factory sliced 
more roots the year previous than during the campaign 1900-1901, 
while the area devoted to beets was larger in 1900-1901 than during 
1899-1900. The average yield per acre was four tons less, the rea- 
son for which does not appear. The saccharine quality of the beets 
and the sugar extraction are shown in the table following: | 


SuGAR EXTRACTION. 





Data. 1900-1901. | 1899-1900. 
Average saccharine quality of the beet (per cent)... 16.7 14.9 
Sugarextracted (tons). .czre ieee ceo eee ae 18,776 22,953 
Yield. first-crade sugar (per cent)... 3.24..2..4.-. 14.5 13.0 
Yield second- and third-grade sugars (per cent)..... Ey, Led 





The beets polarized very high in 1900-1901, or 1.8 per cent 
more than in the previous campaign; the difference in weight of 
sugar extracted was due to the 42,000 supplementary tons sliced. 
A few figures respecting the residuary molasses are not to be over- 
looked: 


—. ae 


SOME OF THE FACTORIES VISITED. 617 








MOLASSES. 
Data. 1900-1901. | 1899-1900. 
Weight of residuary molasses (EONS) a ees whe 2735 3290 
Nireld«ot molassee (per Celt or. 66 6 sehen etn soy 44% 3 0.34 2k 
Average selling price of molasses (tons)............ $11.20 $11.00 


These data would indicate that the operation of sugar extrac- 
tion in 1901 with superior beets was not so well conducted as during 
1899-1900. 


Prick or Brerts, INDEMNITIES, ETC. 


Data. 1900-1901. ; 1899-1901. 
Preemie IUMLOr DECTS (LOD) n 5 22... 5e dies econ gies se wo $5.00 $4.86 
Supplementary grant proportional to profits....... 0.20 0.13 
Indemnity granted for delivery of beets to the factory 
for distances of more than 4.4 miles per ton..... 0.25 0.25 





— 


The plan of allowing farmers additional money for transporta- 
tion beyond certain limits is most excellent, as the distant tiller is 
thus encouraged to cultivate beets. Where encouragement is given 
to cultivate rich beets by dividing the surplus profit with the 
farmers, they bestow more care on their crop than they would 
otherwise do. 

The cost of working at the CuLMsnE factory was greater in 
1900-1901 than in 1899-1900, because fuel was excessively high 
in Germany. Furthermore, the factory hands received increased 
wages, and another item not to be overlooked is that the campaign 
lasted only 59 instead of 74 days. 

The cost of working per ton of beets sliced in 1900-1901 was 
$1.94, while in 1899-1900 it was $1.32. The 62 additional cents 
are partly due to the increase of one dollar a ton for coal. The 
following table gives the total expenses and profits: 


EXPENSES AND PROFITS. 





Items. 1901-1901. 
ObalaheCeiplserie tn we ected Sev ass $955,720 
TURISENISES LOT DCCbE. i. stats oa eines > - 596,225 
Cost of manufacture, including wages. .| 214,000 


ING GaprOmilee fora et: Mik Rites iets tre cae ds-s 145,000 
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This means 20 per cent profit on the capital invested, showing 
that, notwithstanding the very low price of sugar on the market, 
a beet-sugar plant, when worked on a truly scientific basis, becomes 
an excellent investment for all interested. 

The most important Austrian factory visited sliced 2000 tons 
of beets per diem. The beets as they reach the factory are emptied 
into the hydraulic carrier combination, consisting of five sections 
250 meters long, each of which contains 7000 tons of beets. They 
are then raised to the two large slicers by automatic carriers, and 
the resulting cossettes are carried by an endless apron to the dif- 
fusors; these together form two batteries, consisting of sixteen 
compartments of about 70 hl. capacity. The residuum cossettes 
are pressed until they contain 10 per cent dry matter, and are 
then conveyed by an electrical carrier to some distance from the 
factory. There remains 1200 tons of cossettes per diem, all of which 
finds a ready sale. The raw juices are run through reheaters, and 
then to mixers, where the milk of lime is added. Special stress is 
placed upon the temperature. The volume of milk of lime used 
is very accurately measured. The limed juices then run into 
the carbonatators, 9 meters high. The residuum scums, weighing 
200 tons per diem, are valuable: as a fertilizer. The clear juice is 
run into mechanical filters of the BrEriTFELD-DANEK type, and 
after a reheating they are submitted to a second carbonatation, to 
another filtering and reheating, to the third carbonatation, and 
are then run through filters to the evaporating apparatus. The 
scums of second carbonatation are mixed with the first carbonata- 
tion juices, which very much simplifies the general arrangement of 
the plant. 

The method is most simple, the resulting juices are very clear 
and free from calcic salts, and as a consequence the evaporating 
compartments need very little clearing during the working campaign. 
No sulphurous acid is used, and the lime added is about 3.5 per 
cent of the weight of the beets sliced. This lime is made in two 
KueErn kilns. The evaporating apparatus consists of two huge 
quadruple effects, one of them having an evaporating surface of 
2255 sq. m. and the other 1280 sq.m. The first compartment 
has a so-called circulator attachment, not unlike a reheater. Be- 
tween the third and fourth compartments the juice runs through 
closed filters, whose working can be watched through special 
observation glasses. The graining is done in four vacuum pans, 
heated by the vapors from the juices being concentrated. The 
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swing-out is accomplished in seventeen centrifugals. The green 
syrups are grained in a FREITAG pan, mixed for seven days in four- 
teen Bock crystallizators, and then the mass is run through the 
second centrifugals. The second sugars are melted in juice and 
sulphured up to a certain degree of alkalinity, then filtered and 
added to the first carbonatation juices before the second carbona- 
tation. Under these conditions it is possible to obtain the grade of 
superior sugar. The consumption of fuel is 140 tons per diem. The 
consumption of steam is 50 kilos per 100 kilos beets sliced, a result 
obtained only in a few factories. 





le ler ND EX, 


TABLES. 


~“ 


7 
.- ao 


<< ys 2 
. . ae = 
“ eer ne 
he ne a 


os 
= 5 


.-a ar 
* s 
pail 


i ve) 





= 1.00000.—ScHEIBLER. 


APPENDIX. 


SPECIFIC-GRAVITY TABLES. 


SPECIFIC GRAVITY OF SuGAR SOLUTIONS IN WATER AT +15° C., THE WEIGHT 
OF ONE VOLUME OF WATER AT THAT TEMPERATURE BEING CONSIDERED 


(N. Z., 25, 40, 1890.) 


623 





Per cent 
in weight. 





0.0 


CONOR WNHO ODNANUARWNHHOS OCHNAAURWNHO OHNATRWNHHOS CHNOARWHH 


Specific 
gravity. 


1.00000 


39 
78 
117 
56 
94 
234 
73 
312 
ol 


1.00390 
429 

68 

507 

47 

86 

625 

64 

704 

43 


1.00783 
822 


1.01178 
218 

57 

Oh 

337 


1.01576 
616 

56 

96 

737 


_Per cent 
in weight. 


Or 
= 


SHMNOURWNHO CONRMUAPRWNHO CONBDURWNHKO DOONOMNEWNHH OS OONQUP WL 


Specific 
gravity. 


LAO197S 


1.02018 
58 

98 

139 

ao 

220 

60 

301 

41 


1.02382 
422 

63 

503 

43 

85 

626 

66 

707 

48 


1.02789 
829 


1.03199 
240 

81 

322 

63 

405 

46 

87 

529 

70 


1.03611 
53 

94 

736 

77 

819 

61 

902 

44 

86 


_Per cent 
in weight. 


— 
SS) 
= 


Specific 
gravity. 


1.04027 


404 
1.04446 
88 


530 
72 
615 
57 
99 
741 
83 
826 


1.04868 
910 


1.05293 
336 

78 

421 

64 

507 

49 

92 

635 

78 


1.05721 


Per cent 
in weight. 


— 
or 
© 





Specific 
gravity. 


1.06152 


55 
99 
243 
87 
331 
75 
419 


1.07464 
508 

52 

96 

641 

85 

729 

74 

818 

63 


1.07907 


624 


Percent | Specific 


in weight. 





20. 


21. 


22. 


23. 


24. 


0 


OCOONAOPWNH © OONOORWNH © OONAOPWNHH © OONOOPWNH © OCOONOOP WHF 


gravity. 
1.08354 
98 

443 

88 

033 

78 

623 

68 

iis 

58 


1.08804 
49 

94 

939 

84 


~ |1.09030 


74 
120 
66 
Zit 


1.09257 
302 

48 

93 

439 

84 

030 

76 

621 

67 


1.09713 
59 
805 


1.10173 
219 

65 

311 

57 

404 

50 

96 

543 

89 





_Per cent 
in weight. 


bo 
Or 


26. 


ai. 


28. 


29 


OONONPRWNH OD OCONOUNRWNHO OCOONAMPWNHHO OONDONEWNHO CONDoOLWN eH 


° 


APPENDIX, 


Specific 
gravity. 


1.10635 


Peo see 
618 

65 

712 

60 

807 

54 

902 

49 

96 


1.12044 
ve 

139 

86 

234 

81 

329 

77 

424 

72 


1.12520 
68 

616 

63 

tae 

59 

807 

55 

903 

51 





_Per cent 
in weight. 


oy) 
© 
© 


32. 


33. 


34, 


Specific 
gravity. 


1.12999 


1.13047 
96 

144 

92 

240 

389 

337 

85 


434 | 


_Per cent 
in weight. 


OW 
Or 
SS 


36. 


37. 


38. 


39. 


SpEcIFIC GRAVITY OF SUGAR SOLUTIONS IN WATER AT +15° C. 


COONOORWNrO CONAONPWNRE OS OONOORWNH © OONMOPRWNHKHO OONOOIRWNH 








¢ 


Specific 
gravity. 


1.15448 


1.16452 


1.17470 


Per cent 
jn weight. 


—_—_. 





40.0 


41. 


42. 


43. 


44. 


OODNOMNEPWNHNH OD ODHNDUERWNHK ODO ONNONEPWNRHO OONOUPWNHO OODNOOPWNr 


Specific 
gravity. 
1.17985 
1.18036 
88 

140 

92 

243 

95 

347 

99 

451 


1.19024 
77 

129 

82 

234 

87 

339 

92 

444 

97 


1.19550 
602 

55 

708 

61 

814 

66 

919 

72 
1.20025 


1.20079 
132 

85 

238 

91 

344 

98 

451 

504 

58 





rr 


_Per cent 
in weight. 


ts 
Or 


46. 


47. 


48 


49. 


° 


APPENDIX, 


Specific 
gravity. 


1.20611 





_Per cent 
in weight. 


on 
© 
© 


52. 


53. 


o4. 


ODNOONIPRWNHO OONONFEWNHKHO OONONRWNHO OCONOUEWNRFO OONOUPWNr 


Specific 
gravity. 


1.23330 


85 
441 
96 
502 
607 
63 
718 
74 
829 


1.23885 
941 

97 
1.24052 
108 

64 

220 

76 

332 

88 


1.24444 
500 

56 

613 

69 

725 

81 

838 

94 

951 


1.25007 
63 

120 

76 

233 

90 

346 
403 

60 

517 


1.25574 
630 

87 

744 

801 

58 

915 

12 
1.26030 
87 


Per cent 
in weight. 


On 
Or 


56 


One 


58. 


59 





OOUOUBRWNHO OCDNOURWNHO ODNAURWNHO OWDNOUBRWNHO OMNOURWNH 


° 


625 


SPECIFIC GRAVITY OF SUGAR SOLUTIONS IN WATER AT +15° C, 


Specific 
gravity. 


1.26144 


201 
59 
316 
73 
431 
88 
546 
603 
61 


1.26718 
76 

834 

92 

949 
1.27007 
65 

123 

81 

239 


1.27297 
355 

413 

71 

529 

87 

646 
704 

62 

821 


1.27879 
938 

96 
1.28055 
113 

72 

230 

89 

348 
407 


1.28465 
524 

83 

642 

701 

60 

819 

78 

937 

96 


————— 


626 APPENDIX. 


Sprciric GRAVITY OF SUGAR SOLUTIONS IN WATER AT +15° C. 














86 | 








Per cent | Specific Per cent | Specific Percent | Specific Percent | Specific 
inweight.} gravity. ||in weight.! gravity. ||in-weight.| gravity. ||in weight.| gravity. 
60.0. {1.29056 |} 65.0 1.32067 700-11 30182 15.0 1.38401 
1 115 ui : 129 1 245 ir On 
2 74 2 90 az 308 2 532 
3 233 3 251 3 de 3 98 
4 93 4 313 4 435 4 663 
3 302 o : 74 5 99 5 729 
6 412 6 i § 436 6 562 6 95 
a vA 7 97 at 626 if 860 
8 O31 8 559 8 90 8 926 
9 90 9 620 9 753 9 92 
61.0 {1.29650 || 66.0 1.32682 71.0--11.35817 76.0 1.39058 
1 710 4 744 1 Sl 1 124 
Z 69 2 805 Py 945 Z 90 
3 829 3 67 3 {1.36009 3 256 
4 39 4 929 4 12 4 S22 
D 948 5 91 9 136 5 88 
6 |1.30008 6 1.33053 6 200 6 454 
< 68 ee 115 7 64 z 520 
8 128 8 ute 8 328 8 
9 88 9 239 9 93 9 653 
62.0 {1.30248 || 67.0 1: 3000 72.0 41..36457 72-0 1.39719 
1 308 iL. 63 1 521 1 85 
2 68 2 425 2, 85 2 852 
3 428 3 87 3 649 3 918 
4 89 4 549 4 WAE. 4 85 
5 549 5 611 a 78 a 1.40051 
6 609 6 74 6 842 6 118 
7 69 7 736 7 907 i 84 
8 730 8 98 8 71 8 251 
9 90 9 861 9 “11237036 9 318 
63.0 /1.30850 || 68.0 1.33923 1320 P4163 7 204 78.0 1.40384 
i 911 1 86 1 65 i 451 
2 wl Zz 1.34049 2 230 2 518 
3 (1.31032 3 oh 3 95 3 85 
4 93 4 74 4 359 4 652 
5 153 5 236 2 424 5 719 
6 214 6 99 re 89 6 86 
ve 74 7 362 Z 554 he 853 
8 385 8 425 8 619 8 920 
9 96 9 88 9 84 9 87 
64.0 {1.31457 || 69.0 1.34550 140.0 Le 37749 79.0 1.41054 
it 518 il 613 1 814 1 121 
Z 79 Zz 76 Z 79 2 89 
3 640 3 739 3 944 a 256 
4 701 4 802 4 {1.38009 4 323 
5 62 5 66 5 74 5 91 
6 823 6 929 6 140 6 458 
- 84 ve 92 t 205 ¢ 526 
8 945 8 Wo0000 8 70 8 93 
9 {1.32006 9 118 9 336 9 661 





Per cent 


APPENDIX. 


627 


SPECIFIC GRAVITY OF SUGAR SOLUTIONS IN WATER AT +15° C, 


Specific 


inweight.| gravity. 


co 
So 


81. 


82. 


83. 


84. 


OONBOAUPWNHO ODNONEWNHKHO OCONOURWNRO OONOURWNHO” CHONRAMRWNHH 


° 


1.41728 


96 

864 
932 

vo 
1.42067 
135 
203 

71 

339 


1.42407 
75 

543 

611 

80 

748 
816 

85 

953 
1.43022 


1.43090 
159 

227 

96 

364 
433 
502 

71 

640 
709 


1.43778 
847 
916 


1.44054 
123 

92 

262 

331 
400 


1.44470 
539 
608 


748 
817 


957 
1.45026 
96 





Per cent 
in weight. 


CO 
Or 
SS 


Specific 
gravity. 


1.45166 


236 
306 

76 
446 
516 

86 
656 
726 


97 


1.45867 
937 
1.46008 
78 

149 
219 

90 

360 
431 
502 


1.46572 
643 
714 

85 
856 
927 

98 

1.47069 
140 
211 


1.47282 


304 
425 

96 
568 
639 
Tal 

82 
854 
925 


1.47997 
1.48069 


141 
212 


356 
428 
500 


644 





_Per cent 
in weight. 


co 
=) 
So 


SCOMOMRWNHOS OCONHOAURWNHO OCHNANRWNHO CHNAMRWNHO OCMONQURWNe 


Specific 
gravity. 


1.48716 


88 

861 
933 
1.49005 
78 

150 

223 

95 

368 


1.49440 
513 

85 

658 

731 
804 

77 

950 
1.50023 
96 


1.50169 
242 
315 

88 
461 
535 
608 

81 
755 
828 


1.50902 


1.51049 
123 


270 
344 
418 


566 


1.51639 
713 


862 
936 
1.52010 


159 
233 
308 








_Per cent 
in weight. 


We) 
Or 
& 


co 
QO 


oO 
2 . 
DOONMAMPWNHO OONDOPWNHO © CONT OD? Or 


100. 


RWNHO OCDNOURWNHO OMNOUKRWNH 


Specific 
gravity. 


1.52382 


456 

531 
606 

80 

755 
830 
905 

cae. 
1.53054 


1.53129 
204 

a 

304 
429 
504 

80 

655 
730 
806 


1.53881 
957 
1.54032 
108 


259 
334 
410 


562 


1.54638 
714 


866 
942 
1.55018 


170 
247 
323 


1.55399 
476 
552 
629 
705 

82 

858 
935 
1.56012 


1.56165 
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RELATION BETWEEN THE DIFFERENT GRADUATION OF THERMOMETERS. 


we meet oe 2G oR, oF XG: oR oF 
—9 |— 7.2 |+15.8 +45 |+36.0 |/+113.0]//+ 99 |+ 79.2}/4+210.2 
—8 |-— 6.4 1726 46 36.8 114.8 100 80.0) 212.0 
—7 |— 5.6 19.4 47 31-6 116.6 101 SOS) B2ZLSeS 
—6 |— 4.8 Die 48 38.4 118.4 102 Si. 6N0245.6 
—5 |— 4.0 Zon) 49 39.2 P2082 103 S24 217.4 
—4 |— 3.2 24.8 50 40.0 12270 104 Specie cl O.Z 
—3 |-— 2.4 26.6 OL 40.8 123.8 105 $4.0) 221.0 
—2 |i— 1.6 28.4 52 41.6 125.6 106 84.8] 222.8 
—1 — 0.8 30.2 53 42.4 274 107 85.6] 224.6 
+0 {+ 0.0 a2e0) 54 Asa 129.2 108 86.4| 226.4 
+1 + 0.8 33.8 55 44.0 toad:0 109 Sie Zip = 22852 
2 1.6 35.6 56 44.8 2a 110 88.0} 230.0 
3 2.4 37.4 SK 45.6 134.6 111 88.8] 231.8 
4 3.2 39.2 58 46.4 136.4 112 89.6} 233.6 
5 4.0 41.0 59 Bin? T3552 113 90.4) 235.4 
6 4.8 42.8 60 48.0 140.0 114 OU leet ie 
¢ eG 44.6 61 48.8 141.8 ELS 92.0) 239.0 
8 6.4 46.4 62 49.6 143.6 116 92.8| 240.8 
9 ae, 48.2 63 50.4 145.4 LZ 93.6| 242.6 
10 8.0 50.0 64 Lees 147, 2 118 94.4) 244.4 
11 8.8 Silos 65 52.0 149.0 119 95.2} 246.2 
t2 9.6 53.6 66 52.8 150.8 120 96.0} 248.0 
13 10.4 55.4 67 53.6 15226 121 96.&| 249.8 
14 ie? DAL, 68 54.4 154.4 122 OF 5G6\b ecole 
to 12.0 59.0 69 DO 156.2 123 98.4) 253.4 
16 12.8 60.8 70 56.0 158.0 124 OOF 255.2 
1 13.6 62.6 il 56.8 159.8 125 100.0} 257.0 
18 14.4 64.4 he, 57.6 161.6 126 100.8) 258.8 
19 L522 66.2 10 58.4 163.4 127, 101.6] 260.6 
20 16.0 68.0 74 59.2 165.2 128 102.4] 262.4 
2 16.8 69.8 TS 60.0 167.0 129 10322) 264-2 
22. 17.6 71.6 76 60.8 168.8 130 104.0} 266.0 
23 18.4 73.4 La 61.6 170.6 Pot 104.8] 267.8 
24 19.2 eee, 78 62.4 172.4 132 105.6} 269.6 
20 20.0 iO 79 6302 tian 133 L0G.4) 27154 
26 20.8 78.8 80 64.0 176.0 134 1Q7- 2 AZ oes 
i, Zin 80.6 Sl 64.8 Eifee 135 108.0) 275.0 
28 22.4 82.4 82 65.6 179.6 136 108.8| 276.8 
29 2.2 84.2 83 66.4 181.4 137 109.6} 278.6 
30 24.0 86.0 84 Giis2 183.2 138 110.4} 280.4 
Sli 24.8 87.8 85 68 .0 185.0 139 PAV e28222 
a2 25.6 89.6 86 68.8 186.& 140 112.0} 284.0 
33 26.4 91.4 87 69.6 188.6 141 112.8} 285.8 
34 Dh 93.2 88 70.4 190.4 142 11326) 287-6 
35 28.0 95.0 89 Gan 19252 143 114.4} 289.4 
36 28.8 96.8 90 L220 194.0 144 115-2 29.2 
ou 29.6 98.6 91 72.8 195.& 145 116.0} 293.0 
38 30.4 | 100.4 92 Tou 197.6 146 116.8} 294.8 
39 Slee 93 74.4 199.4 147 117.6] 296.6 
40 32.0 | 104.0 94 Gone 2OVeZ 148 118.4} 298.4 
41 32.8 | 105.8 95 76.0 203.0 149 11922)" -30022 
42 33.6.) 100-6 96 76.8 204.8 150 120.0} 302.0 
43 34.4 | 109.4 97 77.6 206 .6 
44 Bor Pb ie? 98 78.4 208.4 
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TABLE OF THE SOLUBILITY OF SUGAR IN WATER AT DIFFERENT 
TEMPERATURES, CALCULATED FROM HERZFELD TABLES.* 
(Z., 42, 181, 1892.) 


(There is dissolved in one part water n parts sugar.) 





Tempera- Parteot Tempera- Davic ak Tempera- Partstor Tempera- 











ture, sugar. ture : sugar. ture ® sugar. ioe ? pies 
0 1.79 
1 1.80 26 2.12 dl 2.62 76 3.44 
2 1.81 20 2.14 D2 2260 Tk 3.48 
3 1.82 28 2.16 53 2.67 78 3.02 
4 feos 29 2 VE 54 2.10 79 Seon 
5 1.84 30 2.19 Do 218 80 3.62 
6 1.86 ol Zk 56 Zoo 81 3.66 
7 LST 32 2.23 57 2.18 82 oe 
8 1.88 33 Zev 58 2.81 83 3.76 
9 1.89 34 Bot o9 2.84 84 3.81 
10 1.90 35 2.29 60 2.87 85 3.86 
Pe 1291 36 2.30 61 2.90 86 3.92 
12 1.92 ot 2.02 62 2.93 87 3.98 
13 1.94 38 2.34 63 2.96 88 4.03 
14 1.96 39 2.36 64 2.99 89 4.09 
15 1.97 40 2.38 65 3.03 ~ 90 4.15 
16 1.98 41 2.40 66 3.06 91 4.21 
iW 1.99 42 2.42 67 3.09 92 4.28 
18 2.01 43 2.44 68 Sts 93 4.35 
19 2.02 44 2.46 69 OLL6 94 4.42 
20 2.04 45 2.48 70 3.20 95 4.48 
21 2,09 46 2.01 a 3.24 96 4.55 
Zo 2.07 47 2.03 Le 3.28 97 4.63 
28 2.08 48 2.55 ie 3.0L 98 4.71 
24 2.09 49 2708 74 3200 99 4.79 
Zo Dee 50 2.60 75 3.40 100 AST 





* The new Herzrecp tables give the percentage only. The foregoing has 
been separately calculated by CLAASSEN. 


TABLES FOR THE BOILING-POINTS OF SACCHARINE SOLUTIONS, 


Based upon the FLouresns calculations (Bulletin de la Société 
ind., 1876, No. 17) and upon the CLAASSEN-FRENTZEL data. 


(a) BorLING-POINTS FOR PuRE SACCHARINE SOLUTIONS. 
(GENERAL TABLE ACCORDING TO THE SACCHARINE PERCENTAGE. ) 





Boiling-point Boiling-point 

















sea or 760 eee spec ese Sugar at 760 Heats Dee e ; 
PELCORaee: Pee poi boiling-point. percentage. gprer ti sate boiling-point. 
10 100.1 Orel 65 103.9 5.9 
20 100.3 Oc 70 105.3 aes 
30 100.6 0.6 75 107.4 7.4 
40 Olea ek 80 110.3 10z3 
50 101.9 1.9 85 114.5 1455 
a0 102.4 2.4 90 122.6 22.6 
60 LOS a1 Bok 








APPENDIX. 


631 


(TaBLE FoR HIGHER CONCENTRATION ACCORDING TO WATER PERCENTAGE.) 

















ee pee Increase Increase 
in tem- in tem- in tem- S 
Water | perature |] Waser | perature |] ater | perature |) Water | perature 
oO 
BES boiling- age: Boies Ee: pahee Bee. orl are 
point. point. point. point. 
C2 G2 C9 G2 
20 7.35 19 Po) LOR 16.9 10.50 2G 
24.5 Leoo 18.5 11.4 13320 geo LORS 22015 
24 7.9 18 PLES 13 ee etc 10 22:6 
289 Sao Lie 2, I2e7o 18.05 9.75 23.05 
Zo 8.5 LZ. 12.6 Zo 18.45 9.50 Zona 
22.5 | 8.8 AGED Post 12.25 18.85 9,25 24.0 
Ze i 9.1 16 oat. ee T9725 9 DAR DD 
Zins 9.4 1S2o 14.3 ELAZS 19.65 8.75 25.05 
Zl 9.7 i 14.9 LES. 20.05 8.50 OL, 
20.5 10.0 14.5 Low Pre25 20.45 S$. 20 26.5 
20 10235 14 L622 i 20.85 8 Zid 
£95 LOF7, 13 16.5 10575 ZAAS Tako 20.0 


a 





(6) TABLE FoR THE NON-CONCENTRATED AND CONCENTRATED JUICE AND 
AFTER-PRODUCTS.* 





Increase in boiling-point. 





(CLAASSEN, Z., 48, 267, 1898.) 


Increase in boiling-point. 











_ Degree Degree Sat Ss 
Brix. Brix. 
Juice. After-product. Juice. After-product. 
C0 (ec Oe Cx 
10 Oe O53 05 28 3.4 
20 0.4 0.6 60 3.0 a? 
30 0.8 el 65 4.4 D0 
40 1.4 fen 70 Die 6.8 
45 1.8 —- is - 8.95 
50 ee, Das 


TABLE OF SpEcIFIC HEAT OF SACCHARINE SOLUTIONS. 
(CurIN, Oe.-U. Z., 23, 988, 1894.)* 











Specific heat. 
Degree Degree 
Brix. Brix. 
Kopp. MARIGNAC. 

i 0.993 0.994 60 
10 0.934 0.942 70 
20 0.868 0.884 80 
30 0.803 0.826 90 
40 Onou 0.768 99 

50 0.671 0.710 








Specific heat. 


Kopp. 


0.605 
0.539 
0.474 
0.408 
0.349 


MaRIGNAC, 


0.652 
0.594 
0.536 
0.478 
0.426 





* This table in its original form, as published in the Oe.-U. Z., gives every 


degree from 1 to 99. 


% 
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TABLE OF SUGAR LOSSES DURING EVAPORATION OF ALKALINE JUICES. 
(HERzZFELD, Z., 48, 754, 1893.)* 


Sugar losses for 100 parts sugar and per hour. 








Percentage of sugar in juice. 





Boiling 
temperature. Se ee ee 

C 10% 20% 30% 40% 50% 

80 0.0444 0.0301 0.0157 0.0179 0.0200 
85 0.0615 0.0421 0.0223 0.0262 0.0296 
90 0.0790 0.0541 0.0290 0.0344 0.03892 
95 0.0965 0.0661 0.0357 0.0427 0.0488 
100 0.1140 0.0781 0.0423 0.0508 0.0584 
105 0.1385 0.0937 0.0490 0.0588 0.0680 
110 0.1630 0.1093 0.0557 0.0667 0.0776 
115 0.1749 0.1187 0.0623 0.0748 0.0862 
120 0.2823 O22341 0.1857 0.2269 0.2678 
125 0.5330 0.5082 0.4833 0.5939 0.7044 
130 20550 1.4610 0.8667 $0235 1.1800 
135 BeOCtG — —- --- ~- 

140 5.1000 — — = a 


* The original table in the Z. gives the sugar percentages from 10 up to 50 
at divisions of 5%; also the temperatures from 110°C. to 120°C. 


CLAASSEN’S TABLE SHOWING THE INFLUENCE OF THE PURITY UPON THE 
YIELDS. 
(D. Z. I., 19, 956, 1894.) 





(a) Influence of the purity of a massecuite (b) Influence of the purity of an after- 
with an unchanging purity of 72 of the product with an unchanging purity of 
after-product. 91 of a massecuite. 
ae eec ult. Sree Tneresee in ote : eee Increase in 
polarizing Nee ee polarizing yield for 
92° per cent i per cent the after- 92° per cent 1 per cent 
Dry f of the increase in product. eeune decrease in 
sub- Purity. | massecuite purity. massecuite purity. 
stance. ; : 
94 88 59.0 — 75 66.7 — 
94 89 6277 oad 74 67.9 J 
94 90 66.4 oor vo 69.1 42 
94 91 Ou. Ot i2 7O0aL 1.0 
94 92 73.8 Bet ig | 71.0 0.9 
94 93 (t25 Bo0 70 71.9 0.9 
94 94 $1.2 Oat 69 C20 0.8 
94 95 84.9 Seu 68 Gone 0.8 
— — — — 67 74.2 One 
— — — — 66 74.9 Oz 





At the tem- 
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SoLuBILITY OF LIME IN WATER. 
(HERZFELD, Z., 47, 820, 1890.) 


perature of 


152°Cs 
20° C. 
25° C. 
30° C. 
35° C. 
40° C. 
45° C. 


Parts of water 


for one part 
CaO. 


776 
813 
848 
885 
924 
962 
1004 








At the tem- 
perature of 


50° C. 
55° C. 
60° C. 
65° C. 
70° C. 
(tira OF 
S0> Cc: 


Parts of water 
for one part 
C 


aO. 


1044 
1108 
1158 
1244 
1330 
1410 
1482 


SOLUBILITY OF LIME IN SACCHARINE SOLUTIONS. 
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According to Lamy there is dissolved in 100 grams of a 10 per cent sac- 


charine solution 


At 0° 
66 to 
“ce 80° 
ce 50° 
ce 70° 
#5100" 


@:'6: 6; \0) 9 6: '@) 1B) 0: 6.0! <e) (61 "8! ie; (6: (81.0. ‘6 6 10) V0. 


Ce 


esc ee ee we eo we ew ew ew ee ewe ww ww 


ere ee ee eo eo eo eo we oe we ew we ow Ow 


esoerecer eer ee ee ee ewe wm eo ee ow 


oor eevee ese see ee ee eee oe 


25.0 grams Ca 
Ze we 


“ce 


The solubility of lime in saccharine solutions does not only depend upon 
the temperature and the sugar percentage, but also upon the quantity and 
kind of lime added; also upon the period which the action lasts. 


TABLE OF THE AMOUNT OF QUICKLIME CONTAINED IN A MILK oF LIME aT 
15° C.—(BuATTNER. ) 


Baumé, 


Specific 


gravity. 


CaO 
in 
one liter. 


CaO 


per cent 


in 
weight. 


ener anne rect ee eee cme renee fa coarse oeeeeeeinesseeame| feces wy es 


CaO 
Specific ae per cent 

Baumé. | gravity. one liter. | Soke. 

gr. gr. 

1 1.007 7.5 0.745 
2 1.014 16.5 1.64 
3 1.022 26 2.54 
4 1.029 36 3.50 
5 1.037 46 4.43 
6 1.045 56 5.36 
hs 1.052 65 6.18 
8 1.060 75 7.08 
9 1.067 84 eS 
10 1.075 94 8.74 
11 1.083 | 104 9.60 
12 POOL |S ELS 10.54 
13 1.100 |} 126 11.45 
14 1210s) 1374 12.35 
15 1.116 | 148 13.26 


Se 
pt 
© 
S 


. 263 


339 
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TABLE OF TEMPERATURES CORRESPONDING TO THE TENSIONS OF SATURATED 
STEAM, 


(CLAASSEN, Z., 43, 268, 1893.) 


For 0 to 75 cm. vacuo. 






































= 2 “s = 
: 3 : a : 3 : 3 
Bot Bl Be |e | BN eee eae ee ae 
H > A a > a H > HH HH > & 
em. em C.° cm. cm (ze cm. cm we cm cm Ge 
1 to Lbssi Le 59 63:01] °30:.5) 4573) “7653 ool 25 89.2 
2 74 22-417 DIG oS sO) e0e7 Oleet 45 16s 52 24 89.7 
3 a een CORES 58 64.21) 3475) 44. 6) VE.11] 53 Da 90.2 
4 da 34.2|| 18.5] 57.5) 64.81), 32 44 (4h coll Oe ae 90.7 
a Ll 38.3]| 19 57 65.4))) 32.51. 43. 5) 77 SS yA 91.2 
6 70 Ale 71-1975) 56.0 SODkO kao 43 Loee OOO 20 91.7 
625 1 69-51. 436.20" 20 06 66.5) 33.5) 42 (5) 73856) 57 19 92.2 
e 69 44.6}! 20.5) 55.5) 67.1]| 34 42 79.0}| 58 18 92.6 
0.5 \ 6S, S46 C0) <21 55 G7. GH 34 2a 4B) 79 Si 59 7 93.1 
8 68 AT 2) 21. 5) 54.563. Ti so 41 79.71] 60 16 93.5 
8.5 | 67.5] 48.4}| 22 54 68.7]| 35.5] 40.5] 80.0]| 61 15 94.0 
9 67 49 .6i) 222.5153, 5) 469 22\\g56 40 80.4}| 62 14 94.4 
9.5 | 66.5] 50:71) 23 53 69.7|| 37 39 81.0]} 63 13 94.8 
10 66 5 Lali 2ocoreoo. ler Ooo 38 81.7|| 64 i 95.3 
1055 | 6525175277 24 a2 70.7|| 39 3 82.4]} 65 vt 95.7 
11 65 53.6l(-24. 5) S15) 7 LE. 2He40 36 83.0}| 66 10 96.1 
Lie 64. 51.54, bil 28 51 71.6]| 41 30 So..Gll Ge 9 96.5 
12 64 55-4 ir 25. SOO. Ol 72 4 34 84.2)| 68 8 96.9 
L259) 65.0) Dov olco 50 (2.5|| 43 33 84.8&}| 69 < 97.3 
13 63 D1 ol 26. b) AOLS e300 44 oe 85.4]| 70 6 97.7 
13.5 4) 62.5). 58204227 49 (onan e4d oil 86.0}| 71 5 98.1 
14 62 5827 2H OW AS (Oo) io CEO 30 86.5}| 72 4 98.5 
14.5 | 61.5| 59.5)| 28 48 U4, Ol AC 29 S721) 723 a 98.9 
15 61 60.2)) 28.5} 47.5} 74.7|| 48 28 SLI) «4 Z 99.3 
15.5 | 60.5} 61.0]) 29 47 75.1|| 49 27 88 .2||. 75 1 99.6 
16 60 61.6]| 29.5} 46.5) 75.5}| 50 26 8.87|| 76 0 {100.0 
16.5 ee 62 Slt o0 46 15.2 














Atmosphere 
of 760 mm. 
mercury. 


DOOWDNNRMBBANNNAPERERWWWWNNNNEP HEHE eee ee OOOSS OOOO 


DRO NO MO MNO MOMS NONANONANONANONUNONANOSDHYRAUMBRWNHHODCHNOAAARWNE 
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ZEUNER'S TABLE RELATING TO SATURATED STEAM. 
Absolute steam tension. 





Kilograms 


per 


sq. cm. 


= 
st 


feed fe fehl Fae 
me WW bh dO 


tt ee 


.1033 
. 2067 
.3100 
.4133 
.o167 
.6200 
1234 
.8267 
. 9300 
.0334 
. 1367 
. 2400 
. 3434 
.4467 
.9501 
.6534 


7568 
8601 
9635 
0668 
2734 
5835 
.7901 
. 1002 
. 3068 
.6169 
.8236 
. 1336 
. 38403 
.6503 
.8570 
. 1670 
137 
.6837 
.8904 
. 2004 
.4071 
i ih 
. 9238 
. 2338 
7505 
. 2672 
1839 
. 3006 
.8173 
.3340 


.8507 
.3674 
. 8841 


.4008 
.9175 
.4342 
. 9509 
.4766 


{ 
| 
j 





Tempera- Pest | Vaporization heat. 
rrG/ "> | contained | Latent | Latent 
wiguid=a.| Restor | neat dou 
Calories per kilo. 

46.2 46.282 | 538.848 | 35.464 
60.5 60.589 | 527.584 | 36.764 
69.5 69.687 | 520.433 | 37.574 
76.3 76.499 | 515.086 | 38.171 
81.7 82.017 | 510.767 | 38.637 
86.3 86.662 | 507.121 | 39.045 
90.3 90.704 | 503.957 | 39.387 
93.9 94.304 | 501.141 | 39.688 
97.1 97.543 | 498.610 | 39.957 
100.0 100.500 | 496.300 | 40.200 
102.7 103.216 | 494.180 | 43.421 
105.2 105.710 | 492.210 | 40.626 
107.5 108.104 | 490.367 | 40.816 
109.7 110.316 | 488.643 | 40.993 
DLs 112.408 | 487.014 | 41.159 
LIS 114.389 | 485.471 | 41.315 
115.5 116.269 | 484.008 | 41.463 
PEGS 118.059 | 482.616 | 41.602 
119.0 119.779 | 481.279 | 41.734 
120.6 121.417 | 480.005 | 41.861 
123.6 124.513 | 477.601 | 42.096 
127.8 128.753 | 474.310 | 42.416 
130.4 131.354 | 472.293 | 42.610 
133.9 134.989 | 469.477 | 42.876 
136.1 137.247 | 467.729 | 43.040 
139.2 140.438 | 455.261 | 43.269 
141.2 142.453 | 463.703 | 43.313 
144.0 145.310 | 461.496 | 43.614 
145.8 | 147.114 | 460.104 | 43.739 
148.3 {| 149.708 | 458.103 | 438.918 
150.0 | 151.360 | 456.829 | 43.030 
152,2 153.741 | 454.994 | 44.192 
153.7 155.262 | 453.823 | 44.293 
155.8 157.471 | 452.123 | 44.441 
157.2 158.880 | 451.039 | 44.533 
159.3 160.938 | 449.457 | 44.667 
160.5 162.255 | 448.414 | 44.753 
162.4 164.181 | 446.965 | 44.876 
163.6 165.428 | 446.008 | 44.956 
165.3 167.243 | 444.616 | 45.070 
168.1 170.142 | 442.393 | 45.250 
170.8 172.888 | 440.289 | 45.420 
173.4 175.514 |, 438.280 | 45.578 
175.8 1780L7 (436.366 | 45.727 
tise 180.408 | 434.589 | 45.868 
180.3 182.719 | 482.775 | 46.001 
182.4 184.927 | 431.090 | 46.127 
184.5 187.065 | 429.460 | 46.247 
186.5 189.131 | 427.886 | 46.362 
188.4 191.126 | 426.368 | 46.471 
190.3 193.060 , 424.896 | 46.576 
19201 194.944 | 423.465 | 46.676 
193.8 196.766 | 422.080 | 46.772 
i GOeo 198.5387 | 420.736 | 46.864 








Total heat A=q+p+Apu. 
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Weight of 
a cubic 
meter of 

steam 
in kilos. 
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For 0 To 1 ATMOSPHERIC PRESSURE. 






































o 0d o © 

0 3 ® 3 : oS 8 ; © 8 
a © q © A o q ® 
a AY B a Ay a B ay B a Ay a 
cm. cm. (Ox cm. cm, Cx cm. cm. C.° cm. cm. C.° 
76 O |100.0 96 20 1106-6) 115 39 /111.9}| 1384 58 +116.6 
a 1 |100.4 97 21 {106.9]| 116 46: 4)192. 2) 135 59 {116.8 
78 2 LOO Ry 98 22 NOTA 117 41 /112.4}| 136 GOTT iat 
79 oy VLODaL 99 23 |107.5]} 118 42° )1 12-78 137 GL 7es 
80 4 |101.4|| 100 24 |107.8]} 119 43 |112.9}| 138 62 |117.5 
81 5 {101.8)} 101 25 {108.1}} 120 44 |1138.2)| 139 63 1117.8 
82 G 11028) 102 26 |108.4/| 121 45 |118.5}| 140 64 |118.0 
83 eaLOZ 2ona103 Zi VL0S. at ae 46 |113.7]| 141 65° L1SF3 
84 8 |102.8]} 104 28 |109.0/} 123 47 |113.9}]} 142 66 {118.5 
85 9 |103.2/} 105 29 |109.3]| 124 48 |/114.2|| 143 Of) LIS <7 
86 10 |/103.5)| 106 30 |109.6)} 125 49 |114.4|| 144 68 |118.9 
87 11 |103.8]| 107 31 {109.8)]| 126 50. (LEAT S145 69 {119.1 
88 12 |104.1}/ 108 32 (ALOT e127 51 |114.9]| 146 70 {119.4 
89 13 |104.4/} 109 oo LL LO oe Ze Oo MLO. cH Lae 71 {119.6 
90 14 |104.7)} 110 34 {110.6}]| 129 53 “1115.4 148 T2219 8 
91 15h lOoeu Vile 35° 1110-92130 54 11175:7)| 149 LouLZOL® 
92 16 |105.4|| 112 OG. (debe tated SO MLSs tel oO (492022 
93 Le HMOs ah hs Sf ll is4its2 Sony LIGA Sh (orl 20¢4 
94 18 |106.0)}} 114 3S ee eos SIG ashi o2 16) JL2026 
95 19 |106.3 





RELATION BETWEEN THE VARIED METHODS OF GRADUATING THE VACUO. 








Milli- “17 

Atmos- wane HH Kitoe ot } Uiekies ot Milli- Inches of 

phere e. rere of abdoldte ice ee mercury oe tbsahae. pee 

pressure. VaeMo. pre ; pee vacuo. pressure. vec 
0.1 0.9 0.103 0.930 76 684 3 27 
0.2 0.8 0.207 0.826 152 608 6 24 
0.3 Oak 0.310 0.723 228 532 9 21 
0.4 0.6 0.413 0.620 304 456 12 18 
0.5 0.5 0.517 0.516 380 380 15 15 
0.6 0.4 0.620 0.413 456 304 18 12 
OF” 0.3 0.723 0.310 532 228 21 9 
0.8 0.2 0.827 0.206 608 152 24 6 
0.9 0.1 0.930 0.103 684 76 27 3 
=O 0.0 1.033 0.000 760 000 30 0 





; 
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RELATION BETWEEN THE DIFFERENT MopgEs OF GRADUATING PRESSURE. 


mos mos . Pounds 
aa Has se ot ee Kilos per per square 
pressure. pressure. eae co. inch, 
1 0 0 0 
os 1 1.0334 14.7- 
3 2 2.0668 29.3 
4 3 3.1002 44.0 
5 4 4.1336 58.7 
6 o 5.1670 73.4 
Gs 6 6.2004 88.0 
8 t 7.2338 10220 
9 8 8.2672 117.4 
10 9 9.3006 PS 2a! 
11 10 10.3340 146.7 


TABLE OF LIVE-STEAM CONSUMPTION FOR EVAPORATION, GRAINING, AND 
REHEATING OF JUICES, ACCORDING TO CLAASSEN. 


Manner of utilizing vapors of evaporation. 








ey | sag.| ace [segs 
a5 nS Onsnm Of 
Soy Saag | See Soo 
Racor aE ¢ 8 Pe a PSO 
Geses SSO MR © OS OS & Esp 
oss ae whe p lH Sata 
»~ Oo 4 Oo as Ou Foie 
~ oO Dinos => ° a oO Sa 
ap 2-4 poe Poe OS | oer eam 
goo PAS HOoASB Baras 
‘= > 4 © eo © ¢q = 
N-o wn & WO Aa, S Oia Coup 
cae OO: @ SCO hele sere 
PAS ou Gg # eee roo eo a 
7° Qn aa ee 254 
eis Seo eae eae st oan 
Sace — ort 80.98 st 3 +d) Sa 
ood SekHY om FD ap mS § 2.4 
a oid Seca uen eeesg horas 
SS bp See eee 125 ae 
Po, As gt Pasa | sate 
Ho > q BOR ess cL HHS 
Ow ofa SE bp Saos 
Evaporating appliance, Consumption of steam for 100 kilos beets. 
| | 
Kilos. Kilos. Kilos. Kilos. 
Snmplevetiect.« susie 5 144.4 106.4 96.0 ae 
Poubloceiechen cn... ss FG ses 91.6 S23 Ciel — 
ML Tipe CLEC Uso sos oss cs. 74.0 60.9 Bio ae 
Quadruple effect........... Go-2 DEL 52.6 46.1 
Quintuple effect........... 60.0 51.8 49.8 44.5 
Sextuple effect. ........... 56.4 49.6 47.8 42.5 








Remark.—The amount of juice to be evaporated is estimated at 120 kilos 
per 100 kilos of beets. The heat losses in the machines and pipings are not 
included in this steam consumption. 
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VARIOUS DATA, 


One cubic meter weighs: 


W ashéd: beetaine a Gane ee hae ee ae 550 to 600 kilos 
Fresh residuum, cosettes. ............ 600 
Soured residuum, cosettes............ S00 se 

Furnace ¢okess...e1.+3, cake eee eee ee 420 ‘* 

Gas COKE)... sr ee ee eee 300) Es 

Limestone® scx 6 Steere, eee 1600. *** 

Tlf es <2), Fes aes sig Sho ee ke eee T£8-t0> 950; = 

Slaked-lime pastes tate a eee $2005 42 

Raw sugar, first, loosely piledsp."iee Sho tae 

is second, loosely piled up........ 7807 (= 

Hot massecuite... saieetate ee eee 1450 to 1470 ‘‘ 


Sea recat ls cal Resa ieee ake os ee ee ee ee ES61 
Limestone. ..... Un ah Saw he ear ee ae eee oe 2.06 to. 2.74 
TiO oes or hana Rw 8 ee ee Doon Oa 


WEIGHT oF GASES AT 0° AND 760 mM. ATMOSPHERIC PRESSURE. 


i. liter Of Bil syne. bw Caer eR TO ee ee 1.293 grams 
1 Of OXY GC a ec eee > dete wou 

“Ss Of nItro@ensaGceitetes =k ate, eee eee 12067 ee 
Lose Ol Carbonic. ACG. esate tere ena eR ee 

1. SS cof sulphurous acid er oa ee 2.909 *< 
15%) “oxidé of carbo. ot see eee 12250 
1S -eteamrat 100% Cae see ee es eee OC D0G =a 

I *t. hydrogen 3. ex eee eee ee 0.089 ‘ 

1 <*) illaminating-Oas: ei otc eee ee eee Ono 


STEAM, Speciric Hwat. 


At constafite pressure yes ec tony ee ee ee 0.4750 
ts vohime:. (ht Rice 0 ce eee eee eee 0.3337 


COEFFICIENT OF Heat TRANSMISSION DATA OBTAINED BY PRACTICAL 
OBSERVATION AND EXPERIMENT. (JELINEK.) 


1st compartment 37 calories 
Triple effect + 2d 25 
3d 66 14 oe 
1st compartment 28 calories 
66 66 
Quadruple effect a ‘é a ce 
4th - 5 to 6 calories 


Vacuum pan for after-products 6 to 7 calories. 
Until grain formation, 18 calories 
massecuite, 1st During graining, 10 calories 
During thickening, 3.7 calories 


66 66 


According to CLAASSEN: 


1st compartment, fall of 5°.5 temperature, juice at 10° Brix, 40 
to 50 calories 


. 2d St on Cal aeo - juice at. 20° to 25° 
Triple effect Brix, 30 to 35 calories 
3d os io es cgeae i juice at 55° to 62° 


Brix, 15 to 20 calories 
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EXPERIMENTS CONDUCTED ON A SMALL SCALE AT THE ATMOSPHERIC PRESSURE 
(ACCORDING TO SULZER). 





Coefficient of heat transmission for 


Thick-| the steam used at the tempera- 








ture of 
Kind of tube. oe | i 

110} 11 125 |131.3) 136.5) 141.6 

ac 26.126] 8G] eG] °C. 
12) Drawn-copper tube: 2. 1... 4. .:---- 2.5 | — |47.3]57. 2/63 .3)62.3)54.2 
2. Cast-iron tube, riveted and enameled! 2.1 | — |33.3/35.3/35.8/37.7/35.3 
3. Cast-iron tube, riveted but not enam’d| 2.1 | — |38.0/36.7|39.2/39.2|37.8 
4. Soldered forged-iron boiler tube..... 4.5 | — |40.5)42.8/44.8|/45.5)48.3 
eel sasbeIntt LNG. <2 <6 dee os wd os 110 — |25.8/32.2/31.5/31.3/32.3 
6. Soldered forged-iron tube.......... 113 — |23.2/24.7/26.2/25.5)24.7 
7. Steel riveted enameled tube. ....... | 1.85)19 0/28. 2/31 . 3/33 .0/38.3) — 
8. Cast-iron carefully turned tube. .... ./15.25)17.7/28 .5)24 .5)25 .0/26.0)/25.7 
9. Cast-iron tube special shape ........ 113.5 |26.2/24.8/28 .0/28.7|30.0/29.7 


In the reheater for diffusion juices with moderate circulation, 2 to 3 calories. 
ais a ee eee ‘é ‘< rapid circulation, 6 to 10 calories. 


UTILIZATION OF STEAM IN A MULTIPLE EFFrEect (CLAASSEN). 


1 kilo steam evaporates in a simple effect................. 0.9 kilo water 


ees 788 ne ** double effect. . 0252s 2s es os E96 Fe 
ist a SRP AS CUCGU coc ai nese ge eee eos OU sue nee 
ets SS ee Pe AUSCTUPIG Of eCbs 6c... sca paes.s » tO, teenie 
tee |} ES ‘* ‘quintuple effect.: . . ....2..... 553 ; 4 fa ee 


DECOMPOSITION OF SUGAR IN ALKALINE SOLUTIONS. 


1 cb. em. of a caustic potash 1/10 normal (containing 0.0047 grams K,O= 
0.0028 gram CaO) is neutralized by 0.012 gram of inverted sugar or 
0.0114 gram of saccharose. 


ANALYSIS OF BEETS FROM DIFFERENT PARTS OF GERMANY. 
(HERZFELD, Z., 48, 828 and 829, 1868.) 





























Average weight. & Sg. Composition of the beets. 

Province, Sz : ; 

oS eee neat] 
Beets. | Leaves.| & Sugar. eee Sane se | Mart: 
Beste ook 416 516 1.24 | 12.9 | 0.95 | 0.83 | 0.24 | 4.95 
Pomerania. ...... 340 Divi aeloto 1-0: 72-1) °0.45- | 0-20) | 4.37 
Damn yel sy, . 7.25 ~. 458 | 363 | 0.71 | 16.6 | 1.01 | 0.82 | 0.21 | 5.15 
Maa Cet e = g 320 300 05940414291 0.32-)-:60°) 0216 ft 5.28 
Hanover... ....|. 412 321 Osis t 15-2-) £:03°+- 0.48 10:17 4.84 
Rhineland. ...... beds 428 P2227 0S FE. 12-1 0.59. 1-0518 | 4.71 
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The books of the laboratory of a German beet-sugar factory 
during the campaign 1898-1899 showed the following data: 


COMPOSITION OF JUICES AND AFTER-PRODUCTS. (CLAASSEN.) 


sy i a Filtrated 
aqueous D carpona- 1 Ta e€ 
au apalyaia | jules. | tahan | que 
Brix (degrees) a cise na 0 en eee ee — 14.4 — Pe 
Polanization. 2h scene oa eee 14.66 | 12.2 — 10.9 
Apparent purity quotient............... — 84.7 — 89.3 
Alkalinity: Phenolphtalein.............. — — 0.091 | 0.049 
FROSOUIG ACI0, en aes eee — — 0.110 | 0.067 
Lime, crams per 100 6.6.05... 0s te —_— a — 0.043 
Invert sugar, per cent...........-.05-+: O17 OST Sa te — 
Acidity (per cent ¢.c. normal acid), phenol- 
TN ESICII ee rte eo idee ele a ce Lek one — Zak — — 
Concentrated | After-products. 
juice. re 
Tee | O- 
Data. pele ares From From lasses. 
7s = st 
set he strike. | strike. 


53.3 | 77.4 | 76.4 | 82.8 
48.0 | 56.9 | 49.1 | 47.8 
90.1 | 73.6 | 64.3 | 57.7 


Brix: (degrees) -25.. 1a. ee eae ee ee 
BGlavization® v..ccy.15c1 yen ae ee 
Apparent purity quotient............. 
Alkalinity: Phenolpbtalein ........... 0.049; 0.110} 0.110) 0.080 
TLOSOLCAACIC ee reer 0.0751 — — — 
Lime, grams per 100 ¢.c) G7 22. a. 0.160; — — /; 1.600 
Invert sugar, per-Cenbeis sate eee -_— —- — — 
Acid (per cent c.c. normal acid), phenol- 
Phtslein ican i cciateela Pea eee a aa —_ — 


Peels) 


| 


COMPOSITION OF MASSECUITE, SUGAR, AND MOLASSES. 








ae Massecuite. | Raw sugar. 

© 60) bes | 

s > o 0G eS é 4 o c A 

SS zFEl oe | ze | Sle] | z 

oO meal A 0 S m4 a oo 
Glan atiGls ohn oa oe ponent 47.9| 83.5) 67.1) 58.7|/47.8 | 96.1) 92.1} 90.8 
WiELER der ec. Se catea ie 47.7| 7.55}10.42| 11.5)21.83} 1.50) 2.56} 2.70 
Ashe (SOR ect 2 hea ree 1.79) 3:481 8.52] = 111 °78) 0708) 2 ove et 
Non-sugar (organic)....... 2.67} 5.47)13.96} — |18.59) 1.47] 3.27) 3.69 
ACtUaL DUTIty. tech a. peeaee 91.6) 90.3/74.9 |66.4 |61.1 |} — | — 
Alkalinity, phenolphtalein .|0.039/0.064/0.120/0.140|0.080/0.011|0.035)0. 030 
Dime a ee eee 0.12} 0.27} 0.62} 0.76; 1.60) — | — 
Ash, percentage of polari- 

BALIO De eki. hia ener on 3.6 | 4.1 j12.7 | — (24.6) — |} —] — 
Organic non-sugar. ....... 5.6 | 6.6 }20.8 | — {88.9 | — | — |] — 
AIG Ad Ge tat reese ee 0.25] 0.32} 0.93} 1.29} 3.38} — | — | — 
A lica Lin ith cae ww Recon eee ee ae 0.08] 0.08] 0.17) 0.24) 0.16 — | — | — 


————————— $f — | — | SS ES | 


Inorganic non-sugar: Ash. .| 1.55} 1.57} 1.64; — | 1.58] 1.58) 1.60) 1.32 
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ANALYSIS OF DIFFUSION JUICES AND MASSECUITES FROM BOHEMIAN 


Factories DuRING THE CAMPAIGN 1898-1899. 
ANDRLIK, B. Z., vol. 24, 1899-1900, p. 208—267.* 


| Diffusion Juices. 















































| Massecuites. 
Factories. ee 
GeO ed wire a b c d e 
POAT ZAUON. cc. 5 es =|—|—|—|— 190.7. 190.5 187-6). |87-15 |85.75 
UC Re Mees aie's oie a @ te —|—|—|—|—| 3.06 | 4.72 | 4.55 | 4.88 | 6.02 
Ash (carbonates)....... —j|—|/—|—|—| 2.14 | 2.16 | 2.49 | 2.66 | 2.32 
Non-sugar (organic) .....|—|—|—|—|—| 4.10 | 8.62 | 5.36 | 5.32 | 5.91 
RUNG ee sods oe eo, 3 —|—|—i—|—|93.5 |93.9 /|91.8 [91.6 {91.2 
Non-sugar (inorganic)... |—|—|—|—/—| 1.9 Pe 7euly oat 200m e220 
Alkalinity (phenolphta- 
Nea tee. cckae's ee —)—|—|—|—]| 0.017] 0.004 acid | 0.028) acid 
For 100 Parts Dry Substance. 
Diffusion Juices. 
Factories, 
a b c d e 
Gees ON Mee sac 1, Sra oes eee t Did tteorOOR ho sS leis. 79: Soave 
PSPS or.lcicis si Adio bes te ER -S4e | ele core t2elsiyon j.40 
ed AM ip gs st cig Rey Mente tgs ta wie “12. 1707090" | 0r 165150219. | Orit 
PMI PE es. gis ee edn ects aa .06-)0:047 170-03.) 0:06 |s0212 
Pama SOUOTICLACIC: 234s. where oe Nees .37 | 0.49 | 0.64 | 0.49 | 0.35 
PRM OMUTICIACIG.. ¢ orm, 0 steele ew P22 etAOP ie OSES aia 324) 1 2Oe24 
GINO ere rce e's ue oS ee ee ie .05 | 0.08 | 0.07 | 0.08 | 0.09 
SRE EDILFORCN, 2. yas he ode ek 3,8. es PS et eOneQa Ue sor leis L050 
AImuMinoid nitrogen... 4.5... 6 «+= OO On 28s e20-[205297 032 
Pammmomnia MICTOSeN. .... 0. nese dies 8 Le Onton) 0800.20: Lite OV10 
Amido-acid nitrogen. .............. SSO le nOso21\n03a.) O13 
Perea CARCIC: cath. ch en Pein e ot des .40 | 0.80 | 0.91 | 0.66 | 0.66 
Massecuites, 
Factories. a 
a b c d e 
PEOUA AGU euernte Ta aoa se Uy she pee 2d e261 2280) 2.47 
eur s Wea he ent Cait peas Sake oe Oe Lm ins peloo | Lea} 
NG Gl Pe ER Pasa ctaae oo ee oe wi Sones ZO Oe2seOnLO | Old 
Ne gE EE See i! oh ok eS x fe oe s01"|-0.02') 0.02 | 0:03") 0.04 
POR GTI CEACIC © rere des desig. Sane a/b he .05 | 0.011] 0.002] 0.014) 0.009 
DID ICICI ctr. sash Sac go ne abe ees OmeOnb int Of 100 |2ORt4 | Os17 
WOON eerie es Edens Gee els 210 |, 0206») 0:07 | 0.07 | 0.07 
OM MEUIREOC ON tee cee 2 ck Slt eee a Boies | OF 56-1. 00455170. 57 
PSIMUINOIGMILTOLED. 2c. 5 5. os 6 bie os .03 | 0.03 | 0.05 | 0.04 | 0.04 
PRIMIOOIA TILTOVEN.....o0ies bce ee 1068120203" (-0705>| 0003. .0202 
Amido-acid nitrogen. .............. 24 | 0.26 | 0.40] 0.27 | 0.44 
ROEM L OE crate! wns, 69: wei enis dees — — _ — — 





* The foregoing data have been selected by CLAaAsseN here and there 


from the ANDRLIK tables. 


* 








pre en te ie 


morass 























‘ 
x 4 ‘ hee 5) a 2 Ty - 
‘ ; . - : wae — re ear 
- “om 
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After-products, 

— conditions of supersaturation, 347 

— crystallization in motion, 359 

— — crystallizators, 362 

— — duration, 367 

— — favorable conditions, 360 

— -— various modes of working, 365 

— crystallizing tanks, 351 

— — crystallization in motion by 
gas injection, 353 

— — duration of crystallization, 352 

— — frothy fermentation, 355 

— — — remedies, 358 

— — heating of crystallizing tanks, 
352 

—-— objections to 
tanks, 355 

— — priming, 354 

— — removal of massecuite, 354 

— curing after-products, 394 

— — care given to curing, 398 

— — draining after-products, 394 

— — practical hints, 394 

— — usage of after-products sugar, 
396 

— epuration of after-products, 378 

— — filtration, 381 

— — sulphuring, 379 

— — use of lime, 378 

-—— — various methods of epuration, 
380 

— General considerations, 345 

— graining after-products, 369 

— — practical hints, 369 

— — vacuum pans, 371 

various processes, 374 

_ — limit of exhaustion, 350 

— reheating, 346 

— return into the crystallizators, 392 

— — importance of eliminating part 
after the after-products, 392 

— return into the juice, 382 

— — into the diffusion battery, 382 

— — — advantages, 384 

— — — objections, 385 


crystallizing 





'‘After-products, 

— return into the pan, 386 

— — limit of exhaustion, 391 

— — historical data, 386 

—— special condition of graining, 
390 

—  — working of mixed massecuite, 
390 

— testing the mass, 346 


Calculations, 

— for a beet-sugar factory, 384 

— — air-pumps, 590 

— — beet elevators, 584 

— — beet sheds, 584 

— — beet washers, 584 

— — carbonatation, 586 

— — carbonic-gas engine, 587 

— — centrifugals, 590 

— — crystallizators, 590 

— — diffusion and beet slicers, 585 

— — — height of pressure in bat- 
tery, 585 

— — evaporation, 588 

(See also Evaporation) 

— — filter presses, 588 

— — fuel, 591 

— — lime kiln, 587 

— — massecuite tanks, 590 

— — milk of lime, 587 

— — mechanical filtration, 588, 589 

— — molasses, 592 

— — practical data relating to a 
German beet-sugar factory, 592 

— — reheating syrups, 588 

— — scum pumps, 588 

— — vacuum pans, 589 

— — vacuum pans for seconds, 590 

Centralization of motive power. See 
Steam economy, Steam engine 

Curing, 300 

— centrifugals, 310 

— — brakes, 314 

— — driving centrifugals, 315 

— — — continuous centrifugals, 324 
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Curing, centrifugals, driving, 

— — — electric ariving, 319 

— — — other motors, 321 

— — — periodic centrifugals, 324 

— —-— perturbation in working, 
327 

—-— explosions of 
gals, 330 

— — — — false grain, 328 

— — — — frothing, 329 

— — — — swinging, 329 

— — — — viscosity, 328 

— — — power required, 322 

— — — practical considerations, 325 

— — — suspended centrifugals, 317 

— — — velocity, 330 

— — the drum, 311 

— — emptying, 322 

— — filtering sheets, 311 

— — foundations, 310 

— — outer casing, 313 

— — the spindle, 313 

— general considerations, 310 

— preparing massecuite for curing, 
300 

— — artificial cooling, 305 

— — — advantage, 305 

— — — care needed, 305 

— — Schuezenbach’s boxes, 302 

— — transportation to centrifugals, 
305 

— — — massecuite pumps, 308 

— — working with massecuite reser- 
voirs, 300 

— sifting of sugar, 332 

— storage of sugar, 335 

— — alteration of sugars, 340 

—-— standard of raw beet sugar, 
337 

— — — color of sugars, 338 

— — — shape of sugars, 340 

— transportation of sugar, 332 
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Description of factories visited, 600 
— Cambria Central Factory, 600 
— Culmsee, 616 

— Meaux, 607 

— Nordstemmen, 613 

— Sainte-Marie Kerque, 605 

— Tremblay-lez-Gonesse, 605 

— Trotha, 614 

— Venizel, 602 


Evaporation, 

— calculation relating to, 245 
— — air pumps, dry, 245 

— — air pumps, moist, 242 

— — condensers, 238 

— — — injection water, 238 
— — efficiency, 185 

— — — Claassen’s method, 189 


Evaporation, calculation, efficiency, 

— — — Dessin’s method, 185 

— — — Horsin-Déon method, 188 

— — — increasing efficiency, 190 

— — — influence of low level, 192 

— — — influence of ruissellement, 
193 

— — multiple-effect reheating, 205 

— — — heating with live steam, 205 

— — — lLexa-Rellieux system, 213 

— Pauly-Greiner method, 218, 
221 

— — — Weibel-Piccard method, 227 

—-— quantity of steam needed, in 
triple effect, 195 

— — — in quadruple effect, 200 

—-— -— consequence of multiple- 
effect evaporating, 202 

— — — evaporating in thin layers, 
198 

— — — principles of economy, 196 

—- various portions of multiple 
effect, 231 

— — — condensed water pipes, 237 , 

— — — exhaust steam pipes, 235 

— — -— feed pipes; 236 

— — — steam piping, 232 

— — — vapor pipes, 237 

— condition, 95 

— — air pumps, 115 

— — — driving, 127 

— — — dry-air pumps, 120, 124 

— — — moist-air pumps, 116, 120 

— — — perturbation in working, 
127 

— — — size of air pumps, 126 

— — — various types, 116 

— — central condensation, 110 

— — condenser, 96 

— — — barometric, 105 

— — — counter-current, 99 

— — — other modes, 104 

— — — parallel-current, 97 

— — — perturbations, 108 

— — — —entrainment of water, 
109 

— — — working, 108 

— — utilization of waste water, 112 

— — — cooling of waste water, 113 

— — — — cooling in cascade, 113 

— evaporators, 5 

— — circulation of juice, 27 

— — — decreased height of juice, 36 

— — — — Theisen evaporations, 41 

— — — — Yaryan and Lillie evap- 
orators, 38 

ruissellement, 30 








— — — — objectionable features, 35 


— — circulation of steam, 42 
—-— compartment attachments, 65 


' —— efficiency, 6 
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Evaporation, 

— evaporators, heat isolation, 21 

— — heating surface, 23 

— — — advantages of different ap- 
paratus, 27 i 

— — — horizontal evaporators, 25 

— — — tube plates in vertical evap- 
crators, 24 

— — level indicators, 66 

— — removal of condensed water, 44 

— — — ammoniacal pumps, 49 

—-removal of non-condensed 
gases, 50 

— — shape of the apparatus, 19 

— — sugar separators or catch-alls, 
52 


— — — conclusions, 65 

— — — description, 57 

—  — — theoretical considerations, 
55 

— — — — elements influencing en- 
trainments, 54 

_— heat transmission through metal- 
lic surface, 7 

— — factors influencing the same, 7 

— — — air removal, 11 

— — — circulation of juice, 8 

— — — circulation of steam, 10 

——  — condensed water removal, 
11 

— — — deposits, 13 

— — — fall of temperature, 7 

— — — height. of juice, 9 

— — — metal’s conductibility, 13 

— — — specific heat of juice, 16 

— — — viscosity of juice, 17 

— historical, 2 

— limit of concentration, 5 

— multiple effect, 68 

— — accessories, 89 

— — — exhaust steam collector, 90 

— — — feeding pumps, 90 

32 > = Syrup pumps, 92 

— — description of different types, 
78 

————econoniy, -/0 

— — historical, 68 

— — limit of theoretical efficiency, 
15 

— — principles, 69 

— — schema of working, 71 

— — sizes of heating surfaces, 72 

— — — double compartments, 77 

— — — increasing heating surfaces, 
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— multiple-effect reheating, 129 
— — Curin method, 142 
-~— —- general considerations, 129 
— — Lexa-Rillieux method, 133 
— — Pauly-Greiner method, 137 
— —  reheaters, 147 
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Evaporation, 

— multiple-effect reheating, Weibel- 
Piccard method, 142 

— necessity of concentration, 

— quantity of juice to handle, 

— working, 146 

— — normal working, 150 

— — — density indicators, 157 

— — — density regulators, 156, 158 

—-— -—handling a Pauly-Greiner 
multiple effect, 161 

— — — level of juice, 151 

— — — regulating steam introduc- 
tion, 153 

— — — requisites for the fore evap- 
orator, 162 

— — — syrup samples, 156 

—-—-— vacuum in different com- 
partments, 152 

— — perturbations, 165 

— — — abnormal pressures, 171 

— — — calcareous deposits, 172 

— —-— catch-all clogging, 170 

— — — faulty working of pumps, 
171 

— — — frothing, 165, 167 

— — — indications of perturbations, 
172 

— — — leakages, 166 

— — — low vacuums, 171 

— — — stoppage in boiling, 170 

— — — sugar losses, 166 

— —=—-syrup pumps, 170 
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— — washing and cleaning, 170, 175 

— — — composition of deposits, 173 

— — — removal of the same, 176 

— — — — mechanical removal, 179 


Formule, 595 

— calculation of yields, 596 

— condensation of vapor, 597 

— dilution and concentration of 
juices, 595 

—relation between metrical and 
U. §. standard units, 598 


Graining, 247 

— crystallization, 270 

—-— Claassen’s theory of 
saturation, 272 

— — factors influencing crystalliza- 
tion, 272 

— historical and generalities, 247 

— perturbations during graining, 290 

— — deficiency of syrup, 290 

— — difficulties in graining, 290 

—  — formation of crust and balls, 
295 

— — mechanical losses, 297 

— — repairing pan, 298 } 
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Gra ning, 

— practical hints, 276 

— — appliances ‘facilitating grain- 
ing, 283 

— — steaming out, 282 

—— vacuum pans, 249, 264- 





— — emptying valves, 268 

— — heating surface, 250 

eae heating surface, 261 
— — kind of steam used, 262 

—— —— P ping, 208 

-—— — size of pan, 249 - 

— — syrup distributors, 266 

—— — vapor exit pipes, 267 


Management of a beet-sugar factory, 

— controls, 562 

— — book-keeping of the factory, 
569 

— — controlling appliances, 563 

— — general considerations, 562 

—hints respecting appliances and 
working methods, 557 

— personnel, 556 

— summer work, 579 

— — remounting machinery, 582 

— supplies in reserve, 582 

Molasses, 466 

—baryta processes of desugariza- 
tion, 509 

— distilling molasses, 515 

—- electrolysis of molasses, 514 

— elution, 482 

— — general considerations, 482 

— — Manoury process, 485 

— — Scheibler process, 482 

— — Seyfert-Scheibler process, 483 

——Sostmann, Drevermann, and 
Guniermann process, 488 

— leal-salt processes of desugarizing, 
511 

— —- Wohl process, 511 

— melassigenic factors, 466 

— osmosis, 468 

— — conditions needed, 473 

— — Dubrunfaut’s osmogene, 469 

— — graining of osmosed molasses, 
475 

—— modifications in osmosis and 
osmogenes, 476 

— — parchment paper, 472 

— — theory of osmosis, 468 

— — utilization of exosmose water, 
481 

— — working of osmogenes, 474 

-— separation, 491 

— — practical working of the pro- 
cess, 496 

— — precipitators, 494 

— — production of lime dust, 492 

-—- — use of the saccharate, 499 
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Molasses, 

— strontia process of desugarizat.on, 
502 

— — Scheibler process, 503 

— substitution, 490 - 





— using molasses as fuel, 518 

— using molasses for cattle feeding, 
517 

— using molasses for shoe blacking, 
517 

— using molasses in dye-wood ex- 
tracts, 516 

— various other uses of molasses, 519 


Residuary water, 520 

— biological epuration, 528 

— chemical epuration, 525 

— classification of residuary water, 
920 

— mechanical epuration, 524 

— necessity of epuration, 521 

-— quantity and nature of residuary. 
water, 520 


Slicing stations, 575 

— Juice cisterns, 577 

Steam economy, 535 

— boilers, 535 

— — divided batteries, 536 

— — general considerations, 535 

— — heat economizers, 544 

— — superheated steam, 538 

— — water for feeding of boilers, 539 

— — — fatty or oily substances in 
boilers, 548 

— fuel consumption, 554 

— heat losses, 552 

— — sources of losses, 552 

— steam engines, 546 

— — centralization of motive power, 
549 

— — electrical power, 550 

— — expansion or full admission, 546 

— — low-temperature engines, 551 


Tables, 

— analysis of diffusion juices and 
massecuites, 641 

— beet analysis, 639 

— boiling points of sugar solutions, 
630, 631 

— coefficient of heat transmission, 
638 

— composition of juices and different 
products, 640 

— consumption of live steam in mul- 
tiple effects, 637 

— different eraduations of pressure, 
637 

— different graduations of vacuo, 636 

— influence of purity upon the yields, 
6325 
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— rectifications for temperature, 628 , White sugar, granulated, 


Tables, — — granulators and dyers, 416 
— relation between degrees Brix and | — — preparation of massecuite, 400 
d« grees Baumé, 628 —-w-emarks respecting gramming, 
— relation between degrees C., R., 399 
and F., 629 — — sugar mixing, 419 
— solubility of lime in sugar solution, | — — sugar sifting, 418 
633 — refining, 423 
— solubility of lime in water, 633 — — after-products, 463 
— solubility of sugar in water, 630 — — breaking, 458 
— specific gravity of different solids | — — crushing, 462 
and liquids, 638 — — filtration, 425 
— specific gravity of milk of lime, 6¢3 | — — general considerations, 423 
— specific gravity of sugar solutions, | — — graining, 426 
624 — — losses, 464 
— specific heat of sugar solutions, 631 | — — loaf-sugar manufacture, 428 
— sugar losses during evaporation, | — — — cooling, 430 
632 — — — drying, 436 
— temperature of saturated steam, | — — — filling, 429 
634, 636 — — — moulds, 428 
— utilization of steam in multiple | —— — purging and curing, 430 
effect, 639 — — — — loaf centrifugal, 433 
— various data, 638 — — — stirring, 429 
— 7euner’s table relating to satu- | — — — sugar-loaf wrapping, 439 
rated steam, 635 —  — massecuite reheaters, 428 
— — packing, 460 
White sugar, — — remelting, 424 
— general considerations, 399 — — sawing, 457 
— granulated, 399 — — sugar in cakes and bars, 440 
— — centrifugals for granulated, 400 | — — — Adant process, 447 
— — — separating swing-outs, 401 — — — agglomerates, 454 
— — curing, 407 — — — continuous methods, 453 
— — — Drost and Schulz process, 407 — — — general considerations, 440 
— — — losses, 412 — — — Huebner and Schroeder prc- 
— — — steam curing, 409 cess, 451 
— — — Steffen’s washing or curing, | — — — Matthée and Scheibler pro- 
413 cess, 444 
— — — superheated steam and other | — — — St. Quentin method, 4&0 
gases, 411 — — — Tietz-Selwig and Large 
— — — swing-out used as cleare, 407 process, 445 


— — — water as cleare, 408 — — — Vivien methods, 441 
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